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(57) ABSTRACT 

PumpS and Sensors for contact with tissue are used in 
combination with an anti-Scarring agent (e.g., a cell cycle 
inhibitor) in order to inhibit scarring that may otherwise 
occur when the pumps and Sensors are implanted within an 
animal. 
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IMPLANTABLE SENSORS AND IMPLANTABLE 
PUMPS AND ANTI-SCARRING AGENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation-in-Part of U.S. 
application Ser. No. 10/986,231, filed Nov. 10, 2004; and 
Ser. No. 10/986,230, filed Nov. 10, 2004. This application 
also claims the benefit under 35 U.S.C. 119(e) of U.S. 
Provisional Application Ser. Nos. 60/586,861, filed Jul. 9, 
2004; 60/578,471, filed Jun. 9, 2004; 60/526,541, filed Dec. 
3, 2003; 60/525,226, filed Nov. 24, 2003; 60/523,908, filed 
Nov. 20, 2003; and 60/524,023, filed Nov. 20, 2003, which 
applications are incorporated herein by reference in their 
entireties. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to implant 
able Sensors, drug-delivery devices and drug-delivery pump, 
and more Specifically, to compositions and methods for 
preparing and using Such devices to make them resistant to 
Overgrowth by inflammatory and fibrous Scar tissue. 

0004 2. Description of the Related Art 
0005 Implantable drug delivery devices and pumps are a 
means to provide prolonged, site-specific release of a thera 
peutic agent for the management of a variety of medical 
conditions. Drug delivery implants and pumps are generally 
utilized when a localized pharmaceutical impact is desired 
(i.e., the condition affects only a specific region) or when 
Systemic delivery of the agent is inefficient or ineffective and 
leads toxicity, Severe side effects, inactivation of the drug 
prior to reaching the target tissue, poor Symptom/disease 
control, and/or addiction to the medication. Implantable 
pumps can also deliver Systemic drug levels in a constant, 
regulated manner for extended periods and help patients 
avoid the “peaks and valleys” of blood-level drug concen 
trations associated with intermittent Systemic dosing. For 
many patients this can lead to better Symptom control (the 
dosage can often be titrated to the Severity of the Symptoms), 
Superior disease management (particularly for insulin deliv 
ery in diabetics), and lower drug requirements (particularly 
for pain medications). Innumerable drug delivery devices, 
implants and pumps have been developed for an array of 
Specific medical conditions and the particular construction 
and delivery mechanism of the device depends on the 
particular treatment. For example, drug delivery implants 
and pumps have been used in a variety of clinical applica 
tions, including programmable insulin pumps for the treat 
ment of diabetes, intrathecal (in the spine) pumps to admin 
ister narcotics (e.g., morphine, fentanyl) for the relief of pain 
(e.g., cancer, back problems, HIV, post-Surgery), local and 
Systemic delivery of chemotherapy for the treatment of 
cancer (e.g., hepatic artery 5-FU infusion for liver tumors), 
medications for the treatment of cardiac conditions (e.g., 
anti-arrhythmic drugs for cardiac rhythm abnormalities), 
intrathecal delivery of anti-Spasmotic drugs (e.g., baclofen) 
for spasticity in neurological disorders (e.g., Multiple Scle 
rosis, spinal cord injuries, brain injury, cerebral palsy), or 
local/regional antibiotics for infection management (e.g., 
osteomyelitis, Septic arthritis). 
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0006 Typically, most drug delivery pumps are implanted 
Subcutaneously (under the skin in an easy to access, but 
discrete location) and consist of a pump unit with a drug 
reservoir and a flexible catheter through which the drug is 
delivered to the target tissue. The pump Stores and releases 
prescribed amounts of medication via the catheter to achieve 
therapeutic drug levels either locally or Systemically 
(depending upon the application). The center of the pump 
has a Self-sealing access port covered by a Septum Such that 
a needle can be inserted percutaneously (through both the 
skin and the Septum) to refill the pump with medication as 
required. There are generally two types of implantable drug 
delivery pumps. Constant-rate pumps are usually powered 
by gas and are designed to dispense drugs under pressure as 
a continual dosage at a preprogrammed, constant rate. The 
amount and rate of drug flow are regulated by the length of 
the catheter used, temperature and altitude, and they are best 
when unchanging, long-term drug delivery is required. 
Although limited, these pumps have the advantage of being 
Simple, having few moving parts, not requiring battery 
power and possessing a longer lifespan. Programmable-rate 
pumpS utilize a battery-powered pump and a constant pres 
Sure reservoir to deliver drugs on a periodic basis in a 
manner that can be programmed by the physician or the 
patient. For the programmable infusion device, the drug may 
be delivered in Small, discrete doses based on a programmed 
regimen which can be altered according to an individual’s 
clinical response. Programmable drug delivery pumps may 
be in communication with an external transmitter which 
programs the prescribed dosing regimen, including the rate, 
time and amount of each dose, via low-frequency waves that 
are transmitted through the skin. Programmable-rate pumps 
are more widely used and provide Superior dosimetry, but 
because of their complexity, they require more maintenance 
and have a shorter lifespan. 
0007. The clinical function of an implantable drug deliv 
ery device or pump depends upon the device, particularly the 
catheter, being able to effectively maintain intimate ana 
tomical contact with the target tissue (e.g., the Sudural space 
in the spinal cord, the arterial lumen, the peritoneum) and 
not becoming encapsulated or obstructed by Scar tissue. 
Unfortunately, in many instances when these devices are 
implanted in the body, they are subject to a “foreign body” 
response from the Surrounding host tissues. The body rec 
ognizes the implanted device as foreign, which triggers an 
inflammatory response followed by encapsulation of the 
implant with fibrous connective tissue. Scarring (i.e., fibro 
sis) can also result from trauma to the anatomical structures 
and tissue Surrounding the implant during implantation of 
the device. Lastly, fibrous encapsulation of the device can 
occur even after a Successful implantation if the device is 
manipulated (Some patients continuously “fiddle' with a 
Subcutaneous implant) or irritated by the daily activities of 
the patient. For drug delivery pumps, the catheter tip or 
lumen may become obstructed by Scar tissue which may 
cause the flow of drug to Slowdown or cease completely. 
Alternatively, the catheter can become encapsulated by Scar 
(i.e., the body “walls off the device with fibrous tissue) so 
that the drug is incompletely delivered to the target tissue 
(i.e., the Scar prevents proper drug movement from the 
catheter to the tissues on the other side of the capsule). Either 
of these developments may lead to inefficient or incomplete 
drug flow to the desired target tissues or organs (and loss of 
clinical benefit), while the Second can also lead to local drug 



US 2005/0169960 A1 

accumulation (in the capsule) and additional clinical com 
plications (e.g., local drug toxicity; drug sequestration fol 
lowed by Sudden “dumping of large amounts of drug into 
the Surrounding tissues). Additionally, the tissue Surround 
ing the implantable pump or catheter can be inadvertently 
damaged from the inflammatory foreign body response 
leading to loss of function and/or tissue damage (e.g., Scar 
tissue in the Spinal canal causing pain or obstructing the flow 
of cerebrospinal fluid). 
0008 A device that is frequently (but not always) used in 
asSociation with a drug delivery pump is an implantable 
Sensor device. An implantable Sensor is a device used to 
detect changes in body function and/or levels of key physi 
ological metabolites, chemistry, hormones or biological fac 
tors. Implantable Sensors may be used to Sense a variety of 
physical and/or physiological properties, including, but not 
limited to, optical, mechanical, chemical, electrochemical, 
temperature, Strain, preSSure, magnetism, acceleration, ion 
izing radiation, acoustic wave or chemical changes. Often 
Sensor technology is combined with implantable drug deliv 
ery pumps Such that the Sensor receives a Signal and then, in 
turn, uses this information to modulate the release kinetics 
of a drug. The most widely pursued application of this 
technology is the production of a closed-loop "artificial 
pancreas” which can continuously detect blood glucose 
levels (through an implanted Sensor) and provide feedback 
to an implantable pump to modulate the administration of 
insulin to a diabetic patient. Other representative examples 
of implantable sensors include, blood/tissue glucose moni 
tors, electrolyte Sensors, blood constituent Sensors, tempera 
ture Sensors, pH Sensors, optical Sensors, amperometric 
Sensors, preSSure Sensors, biosensors, Sensing transponders, 
Strain Sensors, activity Sensors and magnetoresistive Sensors. 
Much like the problem facing drug delivery pumps 
described above, proper clinical functioning of an implanted 
Sensor is dependent upon intimate anatomical contact with 
the target tissues and/or body fluids. Scarring around the 
implanted device may degrade the electrical components 
and characteristics of the device-tissue interface, and the 
device may fail to function properly. For example, when a 
“foreign body' response occurs and the implanted Sensor 
becomes encapsulated by scar (i.e., the body “walls off the 
Sensor with fibrous tissue), the Sensor receives inaccurate 
biological information. If the Sensor is detecting conditions 
inside the capsule, and these conditions are not consistent 
with those outside the capsule (which is frequently the case), 
it will produce inaccurate readings. Similarly if the Scar 
tissue alters the flow of physical or chemical information to 
the detection mechanism of the Sensor, the information it 
processes will not be reflective of those present in the target 
tissue. 

BRIEF SUMMARY OF THE INVENTION 

0009 Briefly stated, the present invention discloses phar 
maceutical agents which inhibit one or more aspects of the 
production of excessive fibrous (Scar) tissue. In one aspect, 
the present invention provides compositions for delivery of 
Selected therapeutic agents via medical devices or implants 
containing Sensors or drug delivery pumps, as well as 
methods for making and using these implants and devices. 
Compositions and methods are described for coating Sensors 
or pumps with drug-delivery compositions Such that the 
pharmaceutical agent is delivered in therapeutic levels over 
a period Sufficient to prevent the drug delivery catheter 
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and/or the implanted Sensor from being encapsulated in 
fibrous tissue to improve and/or prolong device function. 
Alternatively, locally administered compositions (e.g., topi 
cals, injectables, liquids, gels, Sprays, microSpheres, pastes, 
wafers) containing an inhibitor of fibrosis are described that 
can be applied to the tissue adjacent to the implanted pump 
(particularly the delivery catheter) and/or the implanted 
sensor, Such that the fibrosis-inhibitor is delivered in thera 
peutic levels over a period Sufficient to prevent the delivery 
catheter or Sensor from being occluded or encapsulated by 
fibrous tissue. And finally, numerous Specific implantable 
pumps, Sensors and combined devices are described that 
produce Superior clinical results as a result of being coated 
with agents that reduce excessive Scarring and fibrous tissue 
accumulation as well as other related advantages. 
0010 Within one aspect of the invention, drug-coated or 
drug-impregnated implants and medical devices are pro 
vided which reduce fibrosis in the tissue surrounding the 
implanted drug delivery pump or Sensor, or inhibit Scar 
development on the device/implant Surface (particularly the 
drug delivery catheter lumen and the Sensor Surface), thus 
enhancing the efficacy of the procedure. For example, 
fibrous tissue can reduce or obstruct the flow of therapeutic 
agents from the catheter to the target tissue, or prevent the 
implanted Sensor from detecting accurate readings. Within 
various embodiments, fibrosis is inhibited by local or sys 
temic release of Specific pharmacological agents that 
become localized to the tissue adjacent to the implanted 
device. 

0011. The repair of tissues following a mechanical or 
Surgical intervention, Such as the implantation of a pump or 
Sensor, involves two distinct processes: (1) regeneration (the 
replacement of injured cells by cells of the same type and (2) 
fibrosis (the replacement of injured cells by connective 
tissue). There are Several general components to the process 
of fibrosis (or Scarring) including: infiltration of inflamma 
tory cells and the inflammatory response, migration and 
proliferation of connective tissue cells (such as fibroblasts or 
Smooth muscle cells), deposition of extracellular matrix 
(ECM), formation of new blood vessels (angiogenesis), and 
remodeling (maturation and organization of the fibrous 
tissue). As utilized herein, “inhibits (reduces) fibrosis” may 
be understood to refer to agents or compositions which 
decrease or limit the formation of fibrous tissue (i.e., by 
reducing or inhibiting one or more of the processes of 
inflammation, connective tissue cell migration or prolifera 
tion, ECM production, angiogenesis, and/or remodeling). In 
addition, numerous therapeutic agents described in this 
invention will have the additional benefit of also reducing 
tissue regeneration where appropriate. 

0012. Within certain embodiments of the invention, an 
implant or device (e.g., a Sensor or pump) is adapted to 
release an agent that inhibits fibrosis through one or more of 
the mechanisms cited herein. Within certain other embodi 
ments of the invention, an implant or device contains an 
agent that while remaining associated with the implant or 
device, inhibits fibrosis between the implant or device and 
the tissue where the implant or device is placed by direct 
contact between the agent and the tissue Surrounding the 
implant or device. 

0013 Within related aspects of the present invention, 
implanted pumpS and Sensors are provided comprising an 
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implant or device, wherein the implant or device releases an 
agent which inhibits fibrosis in vivo. “Release of an agent” 
refers to any Statistically Significant presence of the agent, or 
a Subcomponent thereof, which has disasSociated from the 
implant/device and/or remains active on the Surface of (or 
within) the device/implant. Within yet other aspects of the 
present invention, methods are provided for manufacturing 
a medical device or implant, comprising the Step of coating 
(e.g., Spraying, dipping, Wrapping, or administering drug 
through) a medical device or implant. Additionally, the 
implant or medical device can be constructed So that the 
device itself is comprised of materials which inhibit fibrosis 
in or around the implant. A wide variety of implantable 
pumpS and Sensors may be utilized within the context of the 
present invention, depending on the site and nature of 
treatment desired. 

0.014 Within various embodiments of the invention, the 
implanted pump or Sensor is further coated with a compo 
Sition or compound, which delays the onset of activity of the 
fibrosis-inhibiting agent for a period of time after implan 
tation. Representative examples of Such agents include hep 
arin, PLGA/MePEG, PLA, and polyethylene glycol. Within 
further embodiments, the fibrosis-inhibiting implant or 
device is activated before, during, or after deployment (e.g., 
an inactive agent on the device is first activated to one that 
reduces or inhibits an in vivo fibrotic reaction). 
0.015 Within various embodiments of the invention, the 
tissue Surrounding the implanted pump (particularly the drug 
delivery catheter) and/or sensor is treated with a composi 
tion or compound that contains an inhibitor of fibrosis. 
Locally administered compositions (e.g., topicals, 
injectables, liquids, gels, Sprays, microSpheres, pastes, 
wafers) or compounds containing an inhibitor of fibrosis are 
described that can be applied to the Surface of, or infiltrated 
into, the tissue adjacent to the pump or Sensor, Such that the 
pharmaceutical agent is delivered in therapeutic levels over 
a period Sufficient to prevent the drug delivery catheter 
and/or Sensor from being obstructed or encapsulated by 
fibrous tissue. This can be done in lieu of coating the device 
or implant with a fibrosis-inhibitor, or done in addition to 
coating the device or implant with a fibrosis-inhibitor. The 
local administration of the fibrosis-inhibiting agent can 
occur prior to, during, or after implantation of the pump or 
Sensor itself. 

0016. Within various embodiments of the invention, an 
implanted pump or Sensor is coated on one aspect, portion 
or surface with a composition which inhibits fibrosis, as well 
as being coated with a composition or compound which 
promotes Scarring on another aspect, portion or Surface of 
the device (i.e., to affix the body of the device into a 
particular anatomical space). Representative examples of 
agents that promote fibrosis and Scarring include Silk, Silica, 
crystalline Silicates, bleomycin, quartz dust, neomycin, talc, 
metallic beryllium and oxides thereof, retinoic acid com 
pounds, copper, leptin, growth factors, a component of 
extracellular matrix, fibronectin, collagen, fibrin, or fibrino 
gen, polylysine, poly(ethylene-co-Vinylacetate), chitosan, 
N-carboxybutylchitosan, and RGD proteins; vinyl chloride 
or a polymer of vinyl chloride; an adhesive Selected from the 
group consisting of cyanoacrylates and crosslinked poly 
(ethylene glycol)-methylated collagen; an inflammatory 
cytokine (e.g., TGFB, PDGF, VEGF, bFGF, TNFo, NGF, 
GM-CSF, IGF-1, IL-1, IL-1-?3, IL-8, IL-6, and growth 
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hormone); connective tissue growth factor (CTGF) as well 
as analogues and derivatives thereof. 
0017 Also provided by the present invention are methods 
for treating patients undergoing Surgical, endoscopic or 
minimally invasive therapies where an implanted pump or 
Sensor is placed as part of the procedure. AS utilized herein, 
it may be understood that “inhibits fibrosis” refers to a 
Statistically significant decrease in the amount of Scar tissue 
in or around the device or an improvement in the interface 
between the implant (catheter and/or sensor) and the tissue, 
which may or may not lead to a permanent prohibition of 
any complications or failures of the device/implant. 
0018. The pharmaceutical agents and compositions are 
utilized to create novel drug-coated implants and medical 
devices that reduce the foreign body response to implanta 
tion and limit the growth of reactive tissue on the Surface of, 
into, or around the device, Such that performance is 
enhanced. Implantable pumpS and Sensors coated with 
Selected pharmaceutical agents designed to prevent Scar 
tissue overgrowth and improve electrical conduction can 
offer significant clinical advantages over uncoated devices. 
0019 For example, in one aspect the present invention is 
directed to implantable pumpS and Sensors that comprise a 
medical implant and at least one of (i) an anti-Scarring agent 
and (ii) a composition that comprises an anti-Scarring agent. 
The agent is present So as to inhibit Scarring that may 
otherwise occur when the implant is placed within an 
animal. In another aspect the present invention is directed to 
methods wherein both an implant and at least one of (i) an 
anti-Scarring agent and (ii) a composition that comprises an 
anti-Scarring agent, are placed into an animal, and the agent 
inhibits Scarring that may otherwise occur. These and other 
aspects of the invention are Summarized below. 
0020 Thus, in various independent aspects, the present 
invention provides a device, comprising an implantable 
pump and/or Sensor and an anti-Scarring agent or a compo 
Sition comprising an anti-Scarring agent, wherein the agent 
inhibits Scarring. These and other devices are described in 
more detail herein. In each of the aforementioned devices, in 
Separate aspects, the present invention provides that: the 
agent is a cell cycle inhibitor; the agent is an anthracycline; 
the agent is a taxane; the agent is a podophyllotoxin; the 
agent is an immunomodulator; the agent is a heat shock 
protein 90 antagonist; the agent is a HMGCoA reductase 
inhibitor; the agent is an inoSine monophosphate dehydro 
genase inhibitor; the agent is an NF kappa B inhibitor; the 
agent is a P38 MAP kinase inhibitor. These and other agents 
are described in more detail herein. 

0021. In additional aspects, for each of the aforemen 
tioned devices combined with each of the aforementioned 
agents, it is, for each combination, independently disclosed 
that the agent may be present in a composition along with a 
polymer. In one embodiment of this aspect, the polymer is 
biodegradable. In another embodiment of this aspect, the 
polymer is non-biodegradable. Other features and charac 
teristics of the polymer, which may serve to describe the 
present invention for every combination of device and agent 
described above, are set forth in greater detail herein. 
0022. In addition to devices, the present invention also 
provides methods. For example, in additional aspects of the 
present invention, for each of the aforementioned devices, 
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and for each of the aforementioned combinations of the 
devices with the anti-Scarring agents, the present invention 
provides methods whereby a Specified device is implanted 
into an animal, and a specified agent associated with the 
device inhibits Scarring that may otherwise occur. Each of 
the devices identified herein may be a “specified device', 
and each of the anti-Scarring agents identified herein may be 
an “anti-Scarring agent', where the present invention pro 
vides, in independent embodiments, for each possible com 
bination of the device and the agent. 
0023 The agent may be associated with the device prior 
to the device being placed within the animal. For example, 
the agent (or composition comprising the agent) may be 
coated onto an implant, and the resulting device then placed 
within the animal. In addition, or alternatively, the agent 
may be independently placed within the animal in the 
vicinity of where the device is to be, or is being, placed 
within the animal. For example, the agent may be sprayed or 
otherwise placed onto, adjacent to, and/or within the tissue 
that will be contacting the medical implant or may otherwise 
undergo Scarring. To this end, the present invention provides 
placing an implantable pump and/or Sensor and an anti 
Scarring agent or a composition comprising an anti-Scarring 
agent into an animal host, wherein the agent inhibits Scar 
ring. 

0024. In each of the aforementioned methods, in separate 
aspects, the present invention provides that: the agent is a 
cell cycle inhibitor; the agent is an anthracycline; the agent 
is a taxane; the agent is a podophyllotoxin; the agent is an 
immunomodulator; the agent is a heat Shock protein 90 
antagonist, the agent is a HMGCoA reductase inhibitor; the 
agent is an inoSine monophosphate dehydrogenase inhibitor; 
the agent is an NF kappa B inhibitor; the agent is a P38 MAP 
kinase inhibitor. These and other agents which can inhibit 
fibrosis are described in more detail herein. 

0.025 In additional aspects, for each of the aforemen 
tioned methods used in combination with each of the afore 
mentioned agents, it is, for each combination, independently 
disclosed that the agent may be present in a composition 
along with a polymer. In one embodiment of this aspect, the 
polymer is biodegradable. In another embodiment of this 
aspect, the polymer is non-biodegradable. Other features and 
characteristics of the polymer, which may serve to describe 
the present invention for every combination of device and 
agent described above, are Set forth in greater detail herein. 
0026. These and other aspects of the present invention 
will become evident upon reference to the following detailed 
description and attached drawings. In addition, various 
references are set forth herein which describe in more detail 
certain procedures and/or compositions (e.g., polymers), and 
are therefore incorporated by reference in their entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.027 FIG. 1 is a diagram showing how a cell cycle 
inhibitor acts at one or more of the Steps in the biological 
pathway. 
0028 FIG. 2 is a graph showing the results for the 
Screening assay for assessing the effect of mitoxantrone on 
nitric oxide production by THP-1 macrophages. 
0029 FIG. 3 is a graph showing the results for the 
Screening assay for assessing the effect of Bay 11-7082 on 
TNF-alpha production by THP-1 macrophages. 
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0030 FIG. 4 is a graph showing the results for the 
Screening assay for assessing the effect of rapamycin con 
centration for TNFC. production by THP-1 macrophages. 
0031 FIG. 5 is graph showing the results of a screening 
assay for assessing the effect of mitoxantrone on prolifera 
tion of human fibroblasts. 

0032 FIG. 6 is graph showing the results of a screening 
assay for assessing the effect of rapamycin on proliferation 
of human fibroblasts. 

0033 FIG. 7 is graph showing the results of a screening 
assay for assessing the effect of paclitaxel on proliferation of 
human fibroblasts. 

0034 FIG. 8 is a picture that shows an uninjured carotid 
artery from a rat balloon injury model. 
0035 FIG. 9 is a picture that shows an injured carotid 
artery from a rat balloon injury model. 
0036 FIG. 10 is a picture that shows a paclitaxell/mesh 
treated carotid artery in a rat balloon injury model. 
0037 FIG. 11A schematically depicts the transcriptional 
regulation of matrix metalloproteinases. 

0038 FIG. 11B is a blot which demonstrates that IL-1 
Stimulates AP-1 transcriptional activity. 

0039 FIG. 11C is a graph which shows that IL-1 induced 
binding activity decreased in lysates from chondrocytes 
which were pretreated with paclitaxel. 

0040 FIG. 11D is a blot which shows that IL-1 induction 
increases collagenase and Stromelysin in RNA levels in 
chondrocytes, and that this induction can be inhibited by 
pretreatment with paclitaxel. 

0041 FIGS. 12A-H are blots that show the effect of 
various anti-microtubule agents in inhibiting collagenase 
expression. 

0042 FIG. 13 is a graph showing the results of a screen 
ing assay for assessing the effect of paclitaxel on Smooth 
muscle cell migration. 

0043 FIG. 14 is a graph showing the results of a screen 
ing assay for assessing the effect of geldanamycin on IL-1B 
production by THP-1 macrophages. 

0044 FIG. 15 is a graph showing the results of a screen 
ing assay for assessing the effect of geldanamycin on IL-8 
production by THP-1 macrophages. 

004.5 FIG. 16 is a graph showing the results of a screen 
ing assay for assessing the effect of geldanamycin on MCP-1 
production by THP-1 macrophages. 

0046 FIG. 17 is graph showing the results of a screening 
assay for assessing the effect of paclitaxel on proliferation of 
Smooth muscle cells. 

0047 FIG. 18 is graph showing the results of a screening 
assay for assessing the effect of paclitaxel for proliferation 
of the murine RAW264.7 macrophage cell line. 
0048 FIG. 19 is a bar graph showing the area of granu 
lation tissue in carotid arteries exposed to Silk coated 
perivascular polyurethane (PU) films relative to arteries 
exposed to uncoated PU films. 
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0049 FIG. 20 is a bar graph showing the area of granu 
lation tissue in carotid arteries exposed to Silk Suture coated 
perivascular PU films relative to arteries exposed to 
uncoated PU films. 

0050 FIG. 21 is a bar graph showing the area of granu 
lation tissue in carotid arteries exposed to natural and 
purified silk powder and wrapped with perivascular PU film 
relative to a control group in which arteries are wrapped with 
perivascular PU film only. 
0051 FIG. 22 is a bar graph showing the area of granu 
lation tissue (at 1 month and 3 months) in carotid arteries 
Sprinkled with talcum powder and wrapped with perivascu 
lar PU film relative to a control group in which arteries are 
wrapped with perivascular PU film only. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.052 Definitions 
0.053 Prior to setting forth the invention, it may be 
helpful to an understanding thereof to first set forth defini 
tions of certain terms that are used hereinafter. 

0054) 
device,”“medical implant”, “implant/device', and the like 
are used Synonymously to refer to any object that is designed 
to be placed partially or wholly within a patient’s body for 
one or more therapeutic or prophylactic purposes Such as for 
restoring physiological function, alleviating Symptoms asso 
ciated with disease, delivering therapeutic agents, detecting 
changes (or levels) in the internal environment, and/or 
repairing or replacing or augmenting etc. damaged or dis 
eased organs and tissues. While medical devices are nor 
mally composed of biologically compatible Synthetic mate 
rials (e.g., medical-grade stainless Steel, titanium and other 
metals, exogenous polymers, Such as polyurethane, Silicon, 
PLA, PLGA), other materials may also be used in the 
construction of the medical device or implant. Specific 
medical devices and implants that are particularly useful for 
the practice of this invention include devices and implants 
designed to deliver therapeutic levels of a drug to a target 
tissue (drug delivery pumps) and/or sensors designed to 
detect changes in body function and/or levels of key physi 
ological metabolites, chemistry, hormones or biological fac 
torS. 

0.055 “Implantable sensor” refers to a medical device 
that is implanted in the body to detect blood or tissue levels 
of a particular chemical (e.g., glucose, electrolytes, drugs, 
hormones) and/or changes in body chemistry, metabolites, 
function, pressure, flow, physical Structure, electrical activ 
ity or other variable parameter. Implantable Sensors may 
have one or more electrodes that extend into the external 
environment to Sense a variety of physical and/or physi 
ological properties, including, but not limited to, optical, 
mechanical, baro, chemical and electrochemical properties. 
Sensors may be used to detect information, for example, 
about temperature, Strain, pressure, magnetic, acceleration, 
ionizing radiation, acoustic Wave or chemical changes (e.g., 
blood constituents, Such as glucose). For example for the 
detection of glucose levels, the Sensor may utilize an 
enzyme-based electrochemical Sensor, a glucose-responsive 
hydrogel combined with a pressure Sensor, microwires with 
electrodes, radiofrequency microelectronics and a glucose 

“Medical device”, “implant”, “device”, “medical 
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affinity polymer combined with physical and biochemical 
Sensor technology, and near or mid infrared light emission 
combined with optical SpectroScopy detectors to name a few. 
Representative examples of implantable Sensors include, 
blood/tissue glucose monitors, electrolyte Sensors, blood 
constituent Sensors, temperature Sensors, pH Sensors, optical 
Sensors, amperometric Sensors, pressure Sensors, biosensors, 
Sensing transponders, Strain Sensors, activity Sensors and 
magnetoresistive Sensors. 

0056 “Drug-delivery pump' refers to a medical device 
that includes a pump which is configured to deliver a 
biologically active agent (e.g., a drug) at a regulated dose. 
These devices are implanted within the body and may 
include an external transmitter for programming the con 
trolled release of drug, or alternatively, may include an 
implantable Sensor that provides the trigger for the drug 
delivery pump to release drug as physiologically required. 
Drug-delivery pumps may be used to deliver Virtually any 
agent, but specific examples include insulin for the treatment 
of diabetes, medication for the relief of pain, chemotherapy 
for the treatment of cancer, anti-Spastic agents for the 
treatment of movement and muscular disorders, or antibi 
otics for the treatment of infections. Representative 
examples of drug delivery pumps for use in the practice of 
the invention include, without limitation, constant flow drug 
delivery pumps, programmable drug delivery pumps, 
intrathecal pumps, implantable insulin delivery pumps, 
implantable OSmotic pumps, ocular drug delivery pumps and 
implants, metering Systems, peristaltic (roller) pumps, elec 
tronically driven pumps, elastomeric pumps, Spring-contrac 
tion pumps, gas-driven pumps (e.g., induced by electrolytic 
cell or chemical reaction), hydraulic pumps, piston-depen 
dent pumpS and non-piston-dependent pumps, dispensing 
chambers, infusion pumps, passive pumps, infusate pumps 
and osmotically-driven fluid dispensers. 

0057. “Fibrosis,”“scarring,” or “fibrotic response” refers 
to the formation of fibrous (Scar) tissue in response to injury 
or medical intervention. Therapeutic agents which inhibit 
fibrosis or Scarring can do So through one or more mecha 
nisms including: inhibiting the inflammatory response, 
inhibiting migration or proliferation of connective tissue 
cells (Such as fibroblasts, Smooth muscle cells, and vascular 
Smooth muscle cells), inhibiting angiogenesis, reducing 
ECM production (or promoting ECM breakdown), and/or 
inhibiting tissue remodeling. In addition, numerous thera 
peutic agents described in this invention will have the 
additional benefit of also reducing tissue regeneration (the 
replacement of injured cells by cells of the same type) when 
appropriate. 

0.058 “Inhibit fibrosis”, “reduce fibrosis”, “fibrosis-in 
hibitor”, “inhibits Scar”, “reduces Scar”, “anti-fibrosis', 
“anti-Scarring” and the like are used synonymously to refer 
to the action of agents or compositions which result in a 
Statistically Significant decrease in the formation of fibrous 
tissue that may be expected to occur in the absence of the 
agent or composition. 

0059) “Inhibitor” refers to an agent which prevents a 
biological process from occurring or slows the rate or degree 
of occurrence of a biological process. The proceSS may be a 
general one Such as Scarring or refer to a specific biological 
action Such as, for example, a molecular proceSS resulting in 
release of a cytokine. 
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0060) “Antagonist” refers to an agent which prevents a 
biological process from occurring or slows the rate or degree 
of occurrence of a biological process. While the process may 
be a general one, typically this refers to a drug mechanism 
where the drug competes with a molecule for an active 
molecular site or prevents a molecule from interacting with 
the molecular Site. In these situations, the effect is that the 
molecular proceSS is inhibited. 
0061 “Agonist” refers to an agent which stimulates a 
biological proceSS or rate or degree of occurrence of a 
biological process. The process may be a general one Such 
as Scarring or refer to a specific biological action Such as, for 
example, a molecular process resulting in release of a 
cytokine. 

0.062 “Anti-microtubule agents' may be understood to 
include any protein, peptide, chemical, or other molecule 
which impairs the function of microtubules, for example, 
through the prevention or Stabilization of polymerization. 
Compounds that Stabilize polymerization of microtubules 
are referred to herein as “microtubule Stabilizing agents. A 
wide variety of methods may be utilized to determine the 
anti-microtubule activity of a particular compound, includ 
ing for example, assays described by Smith et al. (Cancer 
Lett 79 (2): 213–219, 1994) and Mooberry et al., (Cancer 
Lett. 96 (2): 261-266, 1995). 
0063) “Host”, “person”, “subject”, “patient” and the like 
are used synonymously to refer to the living being (human 
or animal) into which a device of the present invention is 
implanted. 

0.064 “Implanted” refers to having completely or par 
tially placed a device within a host. A device is partially 
implanted when Some of the device reaches, or extends to 
the outside of, a host. 

0065 “Release of an agent” refers to a statistically sig 
nificant presence of the agent, or a Subcomponent thereof, 
which has disassociated from the implant/device and/or 
remains active on the Surface of (or within) the device/ 
implant. 

0.066 “Biodegradable” refers to materials for which the 
degradation process is at least partially mediated by, and/or 
performed in, a biological System. “Degradation” refers to a 
chain Scission proceSS by which a polymer chain is cleaved 
into oligomers and monomers. Chain Scission may occur 
through various mechanisms, including, for example, by 
chemical reaction (e.g., hydrolysis) or by a thermal or 
photolytic proceSS. Polymer degradation may be character 
ized, for example, using gel permeation chromatography 
(GPC), which monitors the polymer molecular mass 
changes during erosion and drug release. Biodegradable also 
refers to materials may be degraded by an erosion proceSS 
mediated by, and/or performed in, a biological System. 
“Erosion” refers to a process in which material is lost from 
the bulk. In the case of a polymeric System, the material may 
be a monomer, an oligomer, a part of a polymer backbone, 
or a part of the polymer bulk. Erosion includes (i) Surface 
erosion, in which erosion affects only the Surface and not the 
inner parts of a matrix; and (ii) bulk erosion, in which the 
entire System is rapidly hydrated and polymer chains are 
cleaved throughout the matrix. Depending on the type of 
polymer, erosion generally occurs by one of three basic 
mechanisms (see, e.g., Heller, J., CRC Critical Review in 
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Therapeutic Drug Carrier Systems (1984), 1 (1), 39-90); 
Siepmann, J. et al., Adv. Drug Del. Rev. (2001), 48, 229 
247): (1) water-soluble polymers that have been insolubi 
lized by covalent cross-links and that Solubilize as the 
croSS-links or the backbone undergo a hydrolytic cleavage; 
(2) polymers that are initially water insoluble are solubilized 
by hydrolysis, ionization, or pronation of a pendant group; 
and (3) hydrophobic polymers are converted to Small water 
Soluble molecules by backbone cleavage. Techniques for 
characterizing erosion include thermal analysis (e.g., DSC), 
X-ray diffraction, Scanning electron microscopy (SEM), 
electron paramagnetic resonance spectroscopy (EPR), NMR 
imaging, and recording mass loSS during an erosion experi 
ment. For microSpheres, photon correlation spectroscopy 
(PCS) and other particles size measurement techniques may 
be applied to monitor the size evolution of erodible devices 
Versus time. 

0067. As used herein, “analogue” refers to a chemical 
compound that is structurally similar to a parent compound, 
but differs slightly in composition (e.g., one atom or func 
tional group is different, added, or removed). The analogue 
may or may not have different chemical or physical prop 
erties than the original compound and may or may not have 
improved biological and/or chemical activity. For example, 
the analogue may be more hydrophilic or it may have altered 
reactivity as compared to the parent compound. The ana 
logue may mimic the chemical and/or biologically activity 
of the parent compound (i.e., it may have similar or identical 
activity), or, in Some cases, may have increased or decreased 
activity. The analogue may be a naturally or non-naturally 
occurring (e.g., recombinant) variant of the original com 
pound. An example of an analogue is a mutein (i.e., a protein 
analogue in which at least one amino acid is deleted, added, 
or substituted with another amino acid). Other types of 
analogues include isomers (enantiomers, diasteromers, and 
the like) and other types of chiral variants of a compound, 
as well as Structural isomers. The analogue may be a 
branched or cyclic variant of a linear compound. For 
example, a linear compound may have an analogue that is 
branched or otherwise Substituted to impart certain desirable 
properties (e.g., improve hydrophilicity or bioavailability). 
0068 AS used herein, “derivative” refers to a chemically 
or biologically modified version of a chemical compound 
that is structurally similar to a parent compound and (actu 
ally or theoretically) derivable from that parent compound. 
A "derivative” differs from an “analogue' in that a parent 
compound may be the Starting material to generate a 
"derivative,” whereas the parent compound may not neces 
Sarily be used as the Starting material to generate an “ana 
logue.” A derivative may or may not have different chemical 
or physical properties of the parent compound. For example, 
the derivative may be more hydrophilic or it may have 
altered reactivity as compared to the parent compound. 
Derivatization (i.e., modification) may involve Substitution 
of one or more moieties within the molecule (e.g., a change 
in functional group). For example, a hydrogen may be 
Substituted with a halogen, Such as fluorine or chlorine, or a 
hydroxyl group (-OH) may be replaced with a carboxylic 
acid moiety (-COOH). The term “derivative” also includes 
conjugates, and prodrugs of a parent compound (i.e., chemi 
cally modified derivatives which can be converted into the 
original compound under physiological conditions). For 
example, the prodrug may be an inactive form of an active 
agent. Under physiological conditions, the prodrug may be 
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converted into the active form of the compound. Prodrugs 
may be formed, for example, by replacing one or two 
hydrogen atoms on nitrogen atoms by an acyl group (acyl 
prodrugs) or a carbamate group (carbamate prodrugs). More 
detailed information relating to prodrugs is found, for 
example, in Fleisher et al., Advanced Drug Delivery 
Reviews 19 (1996) 115; Design of Prodrugs, H. Bundgaard 
(ed.), Elsevier, 1985; or H. Bundgaard, Drugs of the Future 
16 (1991) 443. The term “derivative” is also used to describe 
all Solvates, for example hydrates or adducts (e.g., adducts 
with alcohols), active metabolites, and Salts of the parent 
compound. The type of Salt that may be prepared depends on 
the nature of the moieties within the compound. For 
example, acidic groups, for example carboxylic acid groups, 
can form, for example, alkali metal Salts or alkaline earth 
metal Salts (e.g., Sodium salts, potassium salts, magnesium 
Salts and calcium Salts, and also Salts with physiologically 
tolerable quaternary ammonium ions and acid addition Salts 
with ammonia and physiologically tolerable organic amines 
Such as, for example, triethylamine, ethanolamine or tris 
(2-hydroxyethyl)amine). Basic groups can form acid addi 
tion Salts, for example with inorganic acids Such as hydro 
chloric acid, Sulfuric acid or phosphoric acid, or with organic 
carboxylic acids and Sulfonic acids Such as acetic acid, citric 
acid, benzoic acid, maleic acid, fumaric acid, tartaric acid, 
methaneSulfonic acid or p-toluenesulfonic acid. Compounds 
which simultaneously contain a basic group and an acidic 
group, for example a carboxyl group in addition to basic 
nitrogen atoms, can be present as Zwitterions. Salts can be 
obtained by customary methods known to those skilled in 
the art, for example by combining a compound with an 
inorganic or organic acid or base in a Solvent or diluent, or 
from other Salts by cation eXchange or anion eXchange. 
0069. Any concentration ranges, percentage range, or 
ratio range recited herein are to be understood to include 
concentrations, percentages or ratioS of any integer within 
that range and fractions thereof, Such as one tenth and one 
hundredth of an integer, unless otherwise indicated. Also, 
any number range recited herein relating to any physical 
feature, Such as polymer Subunits, size or thickness, are to be 
understood to include any integer within the recited range, 
unless otherwise indicated. It should be understood that the 
terms “a” and “an” as used above and elsewhere herein refer 
to “one or more” of the enumerated components. For 
example, “a” polymer refers to one polymer or a mixture 
comprising two or more polymers. AS used herein, the term 
“about means-15%. 

0070 AS discussed above, the present invention provides 
compositions, methods and devices relating to medical 
devices and implants (specifically implantable pumps and 
Sensors), which greatly increase their ability to inhibit the 
formation of reactive Scar tissue on, or around, the Surface 
of the device or implant. Described in more detail below are 
methods for constructing medical devices or implants, com 
positions and methods for generating medical devices and 
implants which inhibit fibrosis, and methods for utilizing 
Such medical devices and implants. 
0071 A. Clinical Applications of Implantable Sensor and 
Pump Devices Which Include and Release a Fibrosis-inhib 
iting Agent 
0072) 1. Implantable Sensors 
0073. In one aspect, implantable sensors that include an 
anti-Scarring agent are provided that can be used to detect 
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physiological levels or changes in the body. There are 
numerous Sensor devices where the occurrence of a fibrotic 
reaction will adversely affect the functioning of the device or 
the biological problem for which the device was implanted 
or used. Proper clinical functioning of an implanted Sensor 
is dependent upon intimate anatomical contact with the 
target tissues and/or body fluids. Scarring around the 
implanted device may degrade the electrical components 
and characteristics of the device-tissue interface, and the 
device may fail to function properly. The formation of Scar 
tissue between the Sensing device and the adjacent (target) 
tissue can prevent the flow of physical, chemical and/or 
biological information (e.g., fluid levels, drug levels, 
metabolite levels, glucose levels, pressure etc.) from reach 
ing the detection mechanism of the Sensor. Similarly if a 
“foreign body' response occurs and causes the implanted 
Sensor to become encapsulated by Scar (i.e., the body “walls 
off the sensor with fibrous tissue), the sensor will receive 
biological information that is not reflective of the organism 
as a whole. If the Sensor is detecting conditions inside the 
capsule (i.e., levels detected in a microenvironment), and 
these conditions are not consistent with those outside the 
capsule (i.e., within the body as a whole-the microenvi 
ronment), it will record information that is not representative 
of Systemic levels. 

0074 Sensors or transducers may be located deep within 
the body for monitoring a variety of physiological proper 
ties, Such as temperature, pressure, Strain, fluid flow, 
metabolite levels (e.g., electrolytes, glucose), drug levels, 
chemical properties, electrical properties, magnetic proper 
ties, and the like. Representative examples of implantable 
Sensors for use in the practice of the invention include, blood 
and tissue glucose monitors, electrolyte Sensors, blood con 
Stituent Sensors, temperature Sensors, pH Sensors, optical 
Sensors, amperometric Sensors, pressure Sensors, biosensors, 
Sensing transponders, Strain Sensors, activity Sensors and 
magnetoresistive Sensors. 

0075 Numerous types of implantable sensors and trans 
ducers have been described. For example, the implantable 
Sensor may be a micro-electronic device that is implanted 
around the large bowels to control bowel function by detect 
ing rectal contents and Stimulating peristaltic contractions to 
empty the bowels when it is convenient. See, e.g., U.S. Pat. 
No. 6,658,297. The implantable sensor may be used to 
measure pH in the GI tract. A representative example of Such 
a pH sensing device is the BRAVO pH Monitoring System 
from Medtronic, Inc. (Minneapolis, Minn.). The implantable 
Sensor may be part of a GI catheter or probe that includes a 
Sensor portion connected to an electrical or optical measure 
ment device and a Sensitive polymeric material that under 
goes an irreversible change when exposed to cumulative 
action of an external medium. See, e.g., U.S. Pat. No. 
6,006,121. The implantable sensor may be a component of 
a central venous catheter (CVC) (e.g., a jugular vein cath 
eter) System. For example, the device may be composed of 
a catheter body having at least one oxygen Sensor and a 
distal heat eXchange region in which the catheter body is 
formed with coolant Supply and return lumens to provide 
heat eXchange within a body to prevent overheating due to 
Severe brain trauma or ischemia due to Stroke. See, e.g., U.S. 
Pat. No. 6,652,565. A CVC may include a thermal mass and 
a temperature Sensor to measure blood temperature. See, 
e.g., U.S. Pat. No. 6,383,144. 



US 2005/0169960 A1 

0.076 Several specific implantable sensor devices and 
treatments will be described in greater detail including: 
0077 a. Blood and Glucose Monitors 
0078 Glucose monitors are used to detect changes in 
blood glucose, Specifically for the management and treat 
ment of patients with diabetes mellitus. Diabetes is a meta 
bolic disorder of glucose metabolism that afflicts tens of 
millions of people in the developed countries of the world. 
This disease is characterized by the inability of the body to 
properly utilize and metabolize carbohydrates, particularly 
glucose. Normally, the finely-tuned balance between glu 
cose in the blood and glucose in the bodily tissue cells is 
maintained by insulin, a hormone produced by the pancreas. 
If the pancreas becomes defective and insulin is produced in 
inadequate amounts to reduce blood glucose levels (Type I 
diabetes), or if the body becomes insensitive to the glucose 
lowering effects of insulin despite adequate pancreatic insu 
lin production (Type II diabetes), the result is diabetes. 
Accurate detection of blood glucose levels is essential to the 
management of diabetic patients because the dosage and 
timing of administration of insulin and/or other hypoglyce 
mic agents are titrated depending upon changes in glucose 
levels in response to the medication. If the dosage is too 
high, blood glucose levels drop too low, resulting in confu 
Sion and potentially even loSS of consciousness. If the 
dosage is too low, blood glucose levels rise too high, leading 
to excessive thirst, urination, and changes in metabolism 
known as ketoacidosis. If the timing of medication admin 
istration is incorrect, blood glucose levels can fluctuate 
wildly between the two extremes-a situation that is thought 
to contribute to Some of the long-term complications of 
diabetes Such as heart disease, kidney failure and blindness. 
Since in the extreme, all these conditions can be life threat 
ening, careful and continuous monitoring of glucose levels 
is a critical aspect of diabetes management. One way to 
detect changes in glucose levels and to continuously Sense 
when levels of glucose become too high or too low in 
diabetes patients is to implant a glucose Sensor. AS the 
glucose Sensor detects changes in the blood glucose levels, 
insulin can be administered by external injection or via an 
implantable insulin pump to maintain blood glucose levels 
within an acceptable physiologic range. 

0079. Numerous types of blood and tissue glucose moni 
tors are Suitable for use in the practice of the invention. For 
example, the glucose monitor may be delivered to the 
vascular System transluminally using a catheter on a Stent 
platform. See, e.g., U.S. Pat. No. 6,442,413. The glucose 
monitor may be composed of glucose Sensitive living cells 
that monitor blood glucose levels and produce a detectable 
electrical or optical Signal in response to changes in glucose 
concentrations. See, e.g., U.S. Pat. Nos. 5,101,814 and 
5,190,041. The glucose monitor may be a small diameter 
flexible electrode implanted Subcutaneously which may be 
composed of an analyte-responsive enzyme designed to be 
an electrochemical glucose Sensor. See, e.g., U.S. Pat. NoS. 
6,121,009 and 6,514,718. The implantable sensor may be a 
closed loop insulin delivery System whereby there is a 
Sensing means that detects the patient's blood glucose level 
based on electrical Signals and then Stimulates either an 
insulin pump or the pancreas to Supply insulin. See, e.g., 
U.S. Pat. Nos. 6,558,345 and 6,093,167. Other glucose 
monitors are described in, for e.g., U.S. Pat. Nos. 6,579,498; 
6,565,509 and 5,165,407. Minimally invasive glucose moni 
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tors include the GLUCOWATCH G2 BIOGRAPHER from 
Cygnus Inc. (see cygn.com); See, e.g., U.S. Pat. Nos. 6,546, 
269; 6,687,522; 6,595,919 and U.S. Patent Application Nos. 
2004.0062759A1, 20030195403A1; and 20020091312A1. 
0080 Numerous commercially available blood and tissue 
glucose Sensor devices are Suitable for the practice of this 
invention. Although Virtually any implantable glucose Sen 
Sor may be utilized, Several Specific commercial and devel 
opment Stage examples are described below for greater 
clarity. 

0081) The CONTINUOUS GLUCOSE MONITORING 
SYSTEM (CGMS) from Medtronic MiniMed, Inc. 
(Northridge, Calif.; see minimed.com); see, e.g., U.S. Pat. 
Nos. 6,520,326; 6,424,847; 6,360,888; 5,605,152; 6,804, 
544; and U.S. Patent Application No. 20040167464A1. The 
CGMS System is Surgically implanted in the Subcutaneous 
tissue of the abdomen and Stores tissue glucose readings 
every 5 minutes. Coating the sensor with a fibrosis-inhibit 
ing agent may prolong the activity of this device because it 
often must be removed after several days (approximately 3), 
in part because it loses its Sensitivity as a result of the local 
tissue reaction to the device. 

0082) The CONTINUOUS GLUCOSE MONITORING 
DEVICE from TheraSense (Alameda, Calif., see thera 
Sense.com) which utilizes a disposable, miniaturized elec 
trochemical Sensor that is inserted under the patient's skin 
using a Spring-loaded insertion device. The Sensor measures 
glucose levels in the interstitial fluid every five minutes, with 
the ability to Store results for future analysis. See, e.g., U.S. 
20040186365A1; U.S. 20040106858A1 and U.S. 
20030176183A1. Even though the device can store up to a 
month of data and has alarms for high and low glucose 
levels, it must be replaced every few days because it loses 
its accuracy as a result of the foreign body reaction to the 
implant. Utilizing this Sensor in combination with a fibrosis 
inhibiting agent may prolong its activity, enhance its per 
formance and reduce the frequency of replacement. Another 
electrochemical Sensor that may benefit from the present 
invention is the multilayered implantable electrochemical 
Sensor from Isense (Portland, Oreg.). This system consists of 
a Semipermeable membrane, a catalytic membrane which 
generates an electrical current in the presence of glucose, 
and a specificity membrane to reduce interference from 
other Substances. 

0083) The SMSI glucose sensor (Sensors for Medicine 
and Sciences, Inc., Montgomery County, Md., See 
S4ms.com) is designed to be implanted under the skin in a 
Short outpatient procedure. The Sensor is designed to auto 
matically measure interstitial glucose every few minutes, 
without any user intervention. The Sensor implant commu 
nicates wirelessly with a Small external reader, allowing the 
user to monitor glucose levels continuously or on demand. 
The reader is designed to be able to track the rate of change 
of glucose levels and warn the user of impending hypo- or 
hyperglycemia. The operational life of the Sensor implant is 
about 6-12 months, after which it may be replaced. 
0084 Animas Corporation (West Chester, Pa.; animas 
corp.com) is developing an implantable glucose Sensor that 
measures the near-infrared absorption of blood based on 
Spectroscopy or optical Sensing placed around a vein. The 
Animas glucose monitor may be tied to an insulin infusion 
pump to provide a closed-loop control of blood glucose 
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levels. Scar tissue over the sensor distorts the ability of the 
device to correctly gather optical information and may thus 
benefit from use in combination with a fibrosis inhibiting 
agent. 

0085) DexCom, Inc. (San Diego, Calif.; see dex.com 
.com) is developing their Continuous Glucose Monitoring 
System which is an implantable Sensor that wirelessly 
transmits continuous blood glucose readings to an external 
receiver. The receiver displays the current glucose value 
every 30 Seconds, as well as one-hour, three-hour and 
nine-hours trended values, and Sounds an alert when a high 
or low glucose excursion is detected. This device features an 
implantable Sensor that is placed in the Subcutaneous tissue 
and continuously monitors tissue (interstitial fluid) glucose 
levels for both type 1 and type 2 diabetics. This device may 
also include a unique microarchitectural arrangement in the 
Sensor region that allows accurate data to be obtained over 
long periods of time. Glucose monitoring devices and asso 
ciated Systems that are developed by DexCom, Inc. are 
described in, for example, U.S. Pat. Nos. 6,741,877; 6,702, 
857 and 6,558,321. Unfortunately, even though the battery 
and circuitry of monitoring devices allows long-term func 
tioning, a foreign body response and/or encapsulation of the 
implant affect the ability of the device to detect glucose 
levels accurately for prolonged periods in a percentage of 
implants. Combining this device with an inhibitor of fibrosis 
(e.g., by coating the implant and/or Sensor with the agent, 
incorporating the agent into the polymers that make up the 
implant, and/or infiltrating it into the tissue Surrounding the 
implant) may allow it to accurately detect glucose levels for 
longer periods of time after implantation, reduce the number 
of devices that fail and decrease the incidence of replace 
ment. 

0.086 Also of particular interest in the practice of this 
invention is glucose monitoring Systems that utilize a glu 
cose-responsive polymer as part of their detection mecha 
nism. M-Biotech (Salt Lake City, Utah) is developing a 
continuous monitoring System that consists of Subcutaneous 
implantation of a glucose-responsive hydrogel combined 
with a pressure transducer. See, e.g., U.S. Pat. NoS., and The 
hydrogel responds to changes in glucose concentration by 
either shrinking or Swelling and the expansion or contraction 
is detected by the pressure transducer. The transducer con 
verts the information into an electrical Signal and Sends a 
wireless signal to a display device. CyberSensors (Berkshire, 
UK) produces a capsule-like Sensor implanted under the skin 
and an external receiver/transmitter that captures the data 
and powers the capsule Via RF signals (see, e.g., GB 
2335496 and U.S. Pat. No. 6,579,498) Issued by the UK 
Patent and Trademark Office). The sensor capsule is com 
posed of a glucose affinity polymer and contains a physical 
Sensor and an RF microchip; the entire capsule is further 
enclosed in a Semipermeable membrane. The glucose affin 
ity polymer exhibits rheological changes when exposed to 
glucose (in the range of 3-15 nM) by becoming thinner and 
leSS Viscous as glucose concentrations increase. This revers 
ible reaction can be detected by the physical Sensor and 
converted into a Signal. These aforementioned Systems offer 
an excellent opportunity for combining the implanted Sensor 
with fibrosis-inhibiting agents and compositions. Not only 
can the agent be coated onto the Surface of the Sensor or 
infiltrated into the tissue Surrounding the Sensor, but it can 
also be incorporated into the glucose-responsive hydrogels 
and polymers that make up the implant. 
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0087 Another glucose sensing device is under develop 
ment by Advanced Biosensors (Mentor, Ohio) that consists 
of small (150 um wide by 2 mm long), biocompatible, 
Silicon-based needles that are implanted under the skin. The 
device Senses glucose levels in the dermis and transmits data 
wirelessly. Unfortunately, a foreign body response and/or 
encapsulation of the implant affect the ability of the device 
to detect glucose levels accurately for longer than 7 dayS. 
Combining this device with an inhibitor of fibrosis may 
allow it to accurately detect glucose levels for longer periods 
of time and extend the effective lifespan of the device. 
0088 Regardless of the specific design features of 
implantable blood, tissue, or interstitial fluid glucose Sensor 
devices, for accurate detection of physical, chemical and/or 
physiological properties, the device must be accurately 
positioned adjacent to the tissue. In particular, the detector of 
the Sensing mechanism must be exposed to glucose levels 
that are identical to (or representative of) those found in the 
bloodstream. If excessive Scar tissue growth or extracellular 
matrix deposition occurs around the device, this can impair 
the movement of glucose from the tissue to the detector and 
render it ineffective. Similarly if a “foreign body' response 
occurs and causes the implanted glucose Sensor to become 
encapsulated by fibrous tissue, the Sensor will be detecting 
glucose levels in the capsule. If glucose levels inside the 
capsule are not consistent with those outside the capsule 
(i.e., within the body as a whole), it will record information 
that is not representative of Systemic levels. This can cause 
the physician or the patient to administer the wrong dosage 
of hypoglycemic drugs (Such as insulin) with potentially 
Serious consequences. Blood, tissue or interstitial fluid glu 
coSe Sensor devices that release a therapeutic agent able to 
reduce Scarring and/or encapsulation of the implant can 
increase the efficiency and accuracy of glucose detection, 
minimize insulin dosing errors, assist in the maintenance of 
correct blood glucose levels, increase the duration that these 
devices function clinically, and/or reduce the frequency of 
implant replacement. In one aspect, the device includes 
blood, tissue and interStitial fluid glucose monitoring 
devices that are coated with an anti-Scarring agent or a 
composition that includes an anti-Scarring agent. The fibro 
Sis-inhibiting agent can also be incorporated into, and 
released from, the components of the implanted Sensor. This 
embodiment is particularly useful for implants employing 
glucose-responsive polymers and hydrogels (that can be 
drug-loaded with an active agent) as well as those utilizing 
a semi-permeable membrane around the Sensor (which can 
also be loaded with a fibrosis-inhibiting agent). As an 
alternative to this, or in addition to this, a composition that 
includes an anti-Scarring agent can be infiltrated into the 
tissue Surrounding where the glucose Sensor is, or will be, 
implanted. 

0089 b. Pressure and Stress Sensors 
0090. In another aspect, the implantable sensor may be a 
preSSure monitor. PreSSure monitors may be used to detect 
increasing preSSure or StreSS within the body. Implantable 
preSSure transducers and Sensors are used for temporary or 
chronic use in a body organ, tissue or vessel for recording 
absolute preSSure. Many different designs and operating 
Systems have been proposed and placed into temporary or 
chronic use for patients with a variety of medical conditions. 
Indwelling pressure Sensors for temporary use of a few days 
or weeks are available, however, chronically or permanently 



US 2005/0169960 A1 

implantable preSSure Sensors have also been used. PreSSure 
Sensors may detect many types of bodily pressures, Such as, 
but not limited to blood pressure and fluid flow, pressure 
within aneurysm sacs, intracranial pressure, and mechanical 
preSSure associated with bone fractures. 
0.091 Numerous types of pressure monitors are suitable 
for use in the practice of the invention. For example, the 
implantable Sensor may detect body fluid absolute pressure 
at a Selected Site and ambient operating temperature by using 
a lead, Sensor module, Sensor circuit (including electrical 
conductors) and means for providing voltage. See, e.g., U.S. 
Pat. No. 5,535,752. The implantable sensor may be an 
intracranial pressure monitor that provides an analogue data 
Signal which is converted electronically to a digital pulse. 
See, e.g., U.S. Pat. No. 6,533,733. The implantable sensor 
may be a barometric pressure Sensor enclosed in an air 
chamber which is used for deriving reference pressure data 
for use in combination with an implantable medical device, 
such as a pacemaker. See, e.g., U.S. Pat. No. 6,152,885. The 
implantable Sensor may be adapted to be inserted into a body 
passageway to monitor a parameter related to fluid flow 
through an endoluminal implant (e.g., Stent). See, e.g., U.S. 
Pat. No. 5,967,986. The implantable sensor may be a passive 
Sensor with an inductor-capacitor circuit having a resonant 
frequency which is adapted for the Skull of a patient to Sense 
intracranial pressure. See, e.g., U.S. Pat. No. 6,113,553. The 
implantable Sensor may be a Self-powered Strain Sensing 
System that generates a Strain signal in response to stresses 
that may be produced at a bone fixation device. See, e.g., 
U.S. Pat. No. 6,034,296. The implantable sensor may be a 
component of a perfusion catheter. The catheter may include 
a wire electrode and a lumen for perfusing Saline around the 
wire, which is designed for measuring a potential difference 
acroSS the GI wall and for Simultaneous measurement of 
pressure. See, e.g., U.S. Pat. No. 5,551,425. The implantable 
Sensor may be part of a CNS device; for example, an 
intracranial preSSure Sensor which is mounted within the 
skull of a body at the situs where the pressure is to be 
monitored and a means of transmitting the preSSure exter 
nally from the skull. See, e.g., U.S. Pat. No. 4,003,141. The 
implantable Sensor may be a component of a left ventricular 
assist device. For example, the VAD may be a blood pump 
adapted to be joined in flow communication between the left 
Ventricle and the aorta using an inlet flow preSSure Sensor 
and a controller that may adjust speed of pump based on 
sensor feedback. See, e.g., U.S. Pat. No. 6,623,420. Numer 
ous commercially available and experimental pressure and 
StreSS Sensor devices are Suitable for the practice of the 
invention. By way of illustration, a Selection of these devices 
and implants are described in the following paragraphs. 
0092. A device from CardioMEMS (Atlanta, Ga.; (acar 
diomems.com, a partnership between the Georgia Institute 
of Technology and the Cleveland Clinic) which can be 
inserted into an aneurysm Sac to monitor pressure within the 
Sac and thereby alert a medical Specialist to the filing of the 
Sac with fluid, possibly to rupture-provoking levels. Endo 
vascular aneurysm repair (EVAR) is often performed using 
a stent graft which isolates the aneurysm from the circula 
tion. However, persistent leakage of blood into the aneurysm 
Sac results in ongoing pressure build-up in the Sac and a 
resultant risk of rupture. The CardioMEMS device is 
implanted into the aneurysm sac after EVAR to monitor 
preSSure in the isolated Sac in order to detect which patients 
are at increasing risk of rupture. The pressure Sensor features 
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an inductive-capacitive resonant circuit with a variable 
capacitor. Since capacitance varies with the pressure in the 
environment in which the capacitor is placed, it can detect 
changes in local pressure. Data is generated by using exter 
nal excitation Systems that induce an oscillating current in 
the Sensor and detecting the frequency of oscillation (which 
is then used to calculate pressure). Unfortunately, even 
though the circuitry allows long-term functioning, a foreign 
body response and/or encapsulation of the implant affect the 
ability of the device to detect accurate pressure levels in the 
aneurysm (i.e., the device detects the pressure in the 
microenvironment of the capsule, not of the aneurysm Sac as 
a whole). Combining this device with an inhibitor of fibrosis 
(e.g., by coating the implant and/or Sensor with the agent, 
incorporating the agent into the polymers that make up the 
implant, and/or infiltrating it into the Sac Surrounding the 
implant) may allow it to accurately detect pressure levels for 
longer periods of time after implantation and reduce the 
number of devices that fail. 

0.093 MicroStrain Inc. (Williston, Vt., (a microstrain 
.com) has developed a family of wireless implantable Sen 
Sors for measuring Strain, position and motion within the 
body. These Sensors can measure, for example, eye tremor, 
depth of corneal implant, orientation Sensor for improved 
tooth crown prep, mayer ligament Strains, Spinal ligament 
Strains, vertebral bone Strains, elbow ligament Strains, emg 
and ekg data, 3DM-G for measurement of orientation and 
motion, wrist ligament Strains, hip replacement Sensors for 
measuring micromotion, implant Subsidence, knee ligament 
Strain, ankle ligament Strain, Achilles tendon Strain, foot 
arch Support Strains, force within foot insoles. The company 
provides a knee prosthesis that can measure in Vivo com 
pressive forces and transmit the data in real time. Patents 
describing this technology, and components used in the 
manufacture of devices for this technology include U.S. Pat. 
Nos. 6,714,763; 6,625,517; 6,622,567; 6,588,282; 6,529, 
127; 6,499,368; 6,433,629; 5,887,351; 5,777.467; 5,497, 
147; and 4,993,428. U.S. Patent Applications describing this 
technology, and components used in the manufacture of 
devices for this technology include 20040113790; 
20040078662; 20030204361; 20030158699; 20030047002; 
20020190785; 20020170193; 200200881.10; 20020085174; 
20010054317; and 20010033187. 
0094) Mesotec (Hannover, Germany; (amesotec.com), in 
collaboration with several German institutes (e.g., Fraun 
hofer Institute of Microelectronic Circuits and Systems), has 
developed an implantable intraocular pressure Sensor Sys 
tem, called the MESOGRAPH, which can continuously 
monitor intraocular pressure. This is desirable, e.g., in order 
to identify the onset of glaucoma. The CMOS-based sensor 
can be implanted during Standard Surgical procedures and is 
inductively linked to an external unit integrated into a 
Spectacle frame. The glasses are in turn linked via a cable to 
a portable data logger. Data is relayed upstream to the 
glasses using a modulated RF carrier operating at 13.56 
MHz and a Switchable load, while power comes downstream 
to the Sensor. By varying the diameter of the polysilicon 
diaphragms in the on-chip micromechanical vacuum gap 
capacitors, the pressure range to which the Sensor responds 
can be adapted between 50 kNm-2 and 3.5 MNm-2. The 
device consists of a fine, foldable coil for telemetric cou 
pling and a very Small miniaturized pressure Sensor. The 
Sensor is manufactured on a micro-technological basis and 
Serves for continuous, long-term reading and monitoring of 
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intraocular pressure. Chip and coil are integrated in modified 
Soft intraocular lenses, which can be implanted in the 
patient's eye during today's common Surgical procedures. 
Unfortunately, the device often fails after initially successful 
implantation because a foreign body response and/or encap 
sulation of the implant affect the ability of it to detect 
accurate pressure levels in the eye (i.e., the device detects 
the pressure in the microenvironment of the capsule Sur 
rounding the implant, not intraocular pressure as a whole). 
Combining this device with an inhibitor of fibrosis (e.g., by 
coating the implant and/or Sensor with the agent, incorpo 
rating the agent into the polymers that make up the implant, 
and/or infiltrating it into the eye tissue Surrounding the 
implant) may allow it to accurately detect pressure levels for 
longer periods of time after implantation and reduce the 
number of devices that fail. 

0.095 Regardless of the specific design features of the 
preSSure or StreSS Sensor, for accurate detection of physical 
and/or physiological properties (Such as pressure), the 
device must be accurately positioned within the tissue and 
receive information that is representative of conditions as a 
whole. If excessive Scar tissue growth or extracellular matrix 
deposition occurs around the device, the Sensor may receive 
erroneous information that compromises its efficacy or the 
Scar tissue may block the flow of biological information to 
the Sensor. For example, many devices fail after initially 
Successful implantation because encapsulation of the 
implant causes it to detect nonrelevant pressure levels (i.e., 
the device detects the pressure in the microenvironment of 
the capsule Surrounding the implant, not the pressure of the 
larger environment). Pressure and stress Sensing devices that 
release a therapeutic agent able to reduce Scarring can 
increase the efficiency of detection and increase the duration 
that these devices function clinically. In one aspect, the 
device includes implantable Sensor devices that are coated 
with an anti-Scarring agent or a composition that includes an 
anti-Scarring agent. The fibrosis-inhibiting agent can also be 
incorporated into, and released from, the components (Such 
as polymers) that are part of the structure of the implanted 
Sensor. AS an alternative to this, or in addition to this, a 
composition that includes an anti-Scarring agent can be 
infiltrated into the tissue Surrounding where the device is, or 
will be, implanted. 

0096) 
0097. In another aspect, the implantable sensor may be a 
device configured to detect properties in the heart or in 
cardiac muscle tissue. Cardiac Sensors are used to detect 
parameters associated with the performance of the heart as 
monitored at any given time point along a prolonged time 
period. Typically, monitoring of the heart is often conducted 
to detect changes associated with heart disease, Such as 
chronic heart failure (CHF). By monitoring patterns associ 
ated with heart function, deterioration based on hemody 
namic changes can be detected (parameters such as cardiac 
output, ejection fraction, pressure, Ventricular wall motion, 
etc.). This constant direct monitoring is central to disease 
management in patients that present with CHF. By moni 
toring hemodynamic measures directly using implantable 
Sensors, a hemodynamic crisis can be detected and the 
appropriate medications and interventions Selected. 

c. Cardiac Sensors 

0.098 Numerous types of cardiac sensors are suitable for 
use in the practice of the invention. For example, the 
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implantable Sensor may be an activity Sensor incorporating 
a magnet and a magnetoresistive Sensor that provides a 
variable activity signal as part of a cardiac device. See, e.g., 
U.S. Pat. Nos. 6,430,440 and 6,411,849. The implantable 
Sensor may monitor blood preSSure in a heart chamber by 
emitting wireleSS communication to a remote device. See, 
e.g., U.S. Pat. No. 6,409,674. The implantable sensor may be 
an accelerometer-based cardiac wall motion Sensor which 
transduces accelerations of cardiac tissue to a cardiac Stimu 
lation device by using electrical Signals. See, e.g., U.S. Pat. 
No. 5,628,777. The implantable sensor may be implanted in 
the heart's cavity with an additional Sensor implanted in a 
blood vessel to detect pressure and flow within heart's 
cavity. See, e.g., U.S. Pat. No. 6,277,078. 

0099 Commercially available cardiac sensor devices 
suitable for the practice of the invention include Biotronik's 
(Biotronik GmbH & Co., Berlin, Germany, see biotroni 
k.com) CARDIAC AIRBAG ICD SYSTEM is a rhythm 
monitoring device that offerS rescue Shock capability deliv 
ering 30 Joule Shock therapies for up to 3 episodes of 
Ventricular fibrillation. In addition to the rescue Shock capa 
bility the System can also provide bradycardia pacing and 
VT monitoring. The PROTOS family of pacemakers from 
Biotronik (see biotronikusa.com) also incorporates pacing 
Sensor capability called Closed Loop Simulation. 

0100 Blood flow and tissue perfusion monitors can be 
used to monitor noncardiac tissue as well. Researchers at 
Oak Ridge National Laboratory have developed a wireless 
Sensor that monitors blood flow to a transplanted organ for 
the early detection of transplant rejection. 

0101 Medtronic (Minneapolis, Minn.; see medtronic 
.com) is developing their CHRONICLE implantable prod 
uct, which is designed to continuously monitor a patient's 
intracardiac preSSures, heart rate and physical activity using 
a Sensor placed directly in the heart's chamber. The patient 
periodically downloads this information to a home-based 
device that transmits this physiologic data Securely over the 
Internet to a physician. 

0102 Regardless of the specific design features of the 
cardiac Sensor, for accurate detection of physical and/or 
physiological properties (such as pressure, flow rates, etc.), 
the device must be accurately positioned within the heart 
muscle, chambers or great vessels and receive information 
that is representative of conditions as a whole. If excessive 
Scar tissue growth or extracellular matrix deposition occurs 
around the Sensing device, the Sensor may receive erroneous 
information that compromises its efficacy, or the Scar tissue 
may block the flow of biological information to the detector 
mechanism of the Sensor. For example, many cardiac moni 
toring devices fail after initially Successful implantation 
because encapsulation of the implant causes it to detect 
nonrelevant levels (i.e., the device detects conditions in the 
microenvironment of the capsule Surrounding the implant, 
not the pressure of the larger environment). Cardiac sensing 
devices that release a therapeutic agent able to reduce 
Scarring can increase the efficiency of detection and increase 
the duration that these devices function clinically. In one 
aspect, the device includes implantable Sensor devices that 
are coated with an anti-Scarring agent or a composition that 
includes an anti-Scarring agent. The fibrosis-inhibiting agent 
can also be incorporated into, and released from, the com 
ponents (Such as polymers) that are part of the structure of 
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the implanted cardiac Sensor. AS an alternative to this, or in 
addition to this, a composition that includes an anti-Scarring 
agent can be infiltrated into the tissue Surrounding where the 
device is, or will be, implanted. 

0103) d. Respiratory Sensors 
0104. In another aspect, the implantable sensor may be a 
device configured to detect properties in the respiratory 
System. Respiratory Sensors may be used to detect changes 
in breathing patterns. For example, a respiratory Sensor may 
be used to detect Sleep apnea, which is an airway disorder. 
There are two kinds of Sleep apnea. In one condition, the 
body fails to automatically generate the neuromuscular 
Stimulation necessary to initiate and control a respiratory 
cycle at the proper time. In the other condition, the muscles 
of the upper airway contract during the time of inspiration 
and thus the airway becomes obstructed. The cardiovascular 
consequences of apnea include disorders of cardiac rhythm 
(bradycardia, auriculoventricular block, Ventricular extra 
Systoles) and hemodynamic disorders (pulmonary and Sys 
temic hypertension). This results in a stimulatory metabolic 
and mechanical effect on the autonomic nervous System and 
the potential to ultimately lead to increased morbidity. To 
treat this condition, implantable Sensors may be used to 
monitor respiratory functioning to detect an apnea episode 
So the appropriate response (e.g., electrical stimulation to the 
nerves of the upper airway muscles) or other treatment can 
be provided. 

0105 Numerous types of respiratory sensors are suitable 
for use in the practice of the invention. For example, the 
implantable Sensor may be a respiration element implanted 
in the thoracic cavity which is capable of generating a 
respiration Signal as part of a ventilation System for provid 
ing gas to a host. See, e.g., U.S. Pat. No. 6,357,438. The 
implantable Sensor may be composed of a Sensing element 
connected to a lead body which is inserted into bone (e.g., 
manubrium) that communicates with the intrathoracic cavity 
to detect respiratory changes. See, e.g., U.S. Pat. No. 6,572, 
543. 

0106 Regardless of the specific design features of the 
respiratory Sensor, for accurate detection of physical and/or 
physiological properties, the device must be accurately 
positioned adjacent to the tissue. If excessive Scar tissue 
growth or extracellular matrix deposition occurs around the 
pulmonary function or airway Sensing device, the Sensor 
may receive erroneous information that compromises its 
efficacy, or the Scar tissue may block the flow of biological 
information to the detector mechanism of the Sensor. For 
example, many pulmonary function Sensing devices fail 
after initially Successful implantation because encapsulation 
of the implant causes it to detect nonrelevant levels (i.e., the 
device detects conditions in the microenvironment of the 
capsule Surrounding the implant, not the functioning of the 
respiratory System as whole). Respiratory Sensing devices 
that release a therapeutic agent able to reduce Scarring can 
increase the efficiency of detection and increase the duration 
that these devices function clinically. In one aspect, the 
device includes implantable Sensor devices that are coated 
with an anti-Scarring agent or a composition that includes an 
anti-Scarring agent. The fibrosis-inhibiting agent can also be 
incorporated into, and released from, the components (Such 
as polymers) that are part of the structure of the implanted 
respiratory Sensor. AS an alternative to this, or in addition to 
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this, a composition that includes an anti-Scarring agent can 
be infiltrated into the tissue Surrounding where the device is, 
or will be, implanted. 
01.07 
0108. In another aspect, the implantable sensor may be a 
device configured to detect properties in the auditory Sys 
tem. Auditory Sensors are used as part of implantable 
hearing Systems for rehabilitation of pure Sensorineural 
hearing losses, or combined conduction and inner ear hear 
ing impairments. Hearing Systems may include an implant 
able Sensor which delivers an electrical Signal which is 
processed by an implanted processor and delivered to an 
implantable electromechanical transducer which acts on the 
middle or inner ear. The auditory Sensor acts as the micro 
phone of the hearing System and acts to convert the incident 
airborne Sound into an electrical Signal. 

e. Auditory Sensors 

0109) Numerous types of auditory sensors as part of a 
hearing System are Suitable for use in the practice of the 
invention. For example, the implantable Sensor may gener 
ate an electrical audio signal as part of a hearing System for 
rehabilitation of hearing loss. See, e.g., U.S. Pat. No. 6,334, 
072. The implantable Sensor may be a capacitive Sensor 
which is mechanically or magnetically coupled to a vibrat 
ing auditory element, Such as the malleus, which detects the 
time-varying capacitance values resulting from the vibra 
tions. See, e.g., U.S. Pat. No. 6,190,306. The implantable 
Sensor may be an electromagnetic Sensor having a perma 
nent magnet and a coil and a time-varying magnetic flux 
linkage based on the vibrations which are provided to an 
output Stimulator for mechanical or electrical Stimulation of 
the cochlea. See, e.g., U.S. Pat. No. 5,993,376. 
0110 Commercially available auditory sensor devices 
suitable for the practice of the invention include: the HIRES 
90K Bionic Ear Implant, HIRESOLUTION SOUND, 
CLARION CII Bionic Ear, and CLARION 1.2, from 
Advanced Bionics (Sylmar, California, a Boston Scientific 
Company, See advancedbionics.com); see also U.S. Pat. 
Nos. 6,778,858; 6,754,537; 6,735,474; 6,731,986; 6,658, 
302; 6,636,768; 6,631,296; 6,628,991; 6,498,954; 6,487, 
453; 6,473,651; 6,415,187; and 6,415,185; the NUCLEUS 3 
cochlear implant from Cochlear (Lane Cove NSW, Austra 
lia, see cochlear.com); see also U.S. Pat. Nos. 6,810,289; 
6,807.455; 6,788,790; 6,782,619; 6,751,505; 6,736,770; 
6,700,982; 6,697,674; 6,678,564; 6,620,093; 6,575,894; 
6,570,363; 6,565,503; 6,554,762; 6,537,200; 6,525,512; 
6,496,734; 6,480,820; 6,421,569; 6,411,855; 6,394,947; 
6,392,386; 6,377,075; 6,301,505; 6,289,246; 6,116,413; 
5,720,099; 5,653,742; 5,645,585; and U.S. Patent Applica 
tion Publication Nos. 2004/0172102A1 and 2002/ 
O138115A1; the PULSAR CI 100 and COMBI 40+ cochlear 
implants from Med-EI (Austria, see medel.com); See also 
U.S. Patent Application 20040039245A1, U.S. Pat. Nos. 
6,600,955; 6,594,525; 6,556,870; and 5,983,139; the ALL 
HEAR implants from AllHear, Inc. (Aurora, Oreg.; see 
allhear.com); see also WO 01/50816; EP 1245 134; and the 
DIGISONIC CONVEX, DIGISONICAUDITORY BRAIN 
STEM, and DIGISONIC MULTI-ARRAY implants from 
MXM (France; see mxmlab.com); see also U.S. Pat. Nos. 
5,123,422; EPO 219380, WO 04/002193; EP 1244400A1; 
U.S. Pat. No. 6,428,484; U.S. 20020095194A1; WO 
O1/50992. 
0111 Regardless of the specific design features of the 
auditory Sensor, for accurate detection of Sound, the device 
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must be accurately positioned within the ear. If excessive 
Scar tissue growth or extracellular matrix deposition occurs 
around the auditory Sensor, the Sensor may receive errone 
ous information that compromises its efficacy, or the Scar 
tissue may block the flow of Sound waves to the detector 
mechanism of the Sensor. Auditory Sensing devices that 
release a therapeutic agent able to reduce Scarring can 
increase the efficiency of Sound detection and increase the 
duration that these devices function clinically. In one aspect, 
the device includes implantable Sensor devices that are 
coated with an anti-Scarring agent or a composition that 
includes an anti-Scarring agent. The fibrosis-inhibiting agent 
can also be incorporated into, and released from, the com 
ponents (Such as polymers) that are part of the structure of 
the implanted auditory Sensor. AS an alternative to this, or in 
addition to this, a composition that includes an anti-Scarring 
agent can be infiltrated into the tissue Surrounding where the 
device is, or will be, implanted. 

0112 f. Electrolyte and Metabolite Sensors 
0113. In another aspect, implantable sensors may be used 
to detect electrolytes and metabolites in the blood. For 
example, the implantable Sensor may be a device to monitor 
constituent levels of metabolites or electrolytes in the blood 
by emitting a Source of radiation directed towards blood 
Such that it interacts with a plurality of detectors that provide 
an output signal. See, e.g., U.S. Pat. No. 6,122,536. The 
implantable Sensor may be a biosensing transponder which 
is composed of a dye that has optical properties that change 
in response to changes in the environment, a photoSensor to 
Sense the optical changes, and a transponder for transmitting 
data to a remote reader. See, e.g., U.S. Pat. No. 5,833,603. 
The implantable Sensor may be a monolithic bioelectronic 
device for detecting at least one analyte within the body of 
an animal. See, e.g., U.S. Pat. No. 6,673,596. Other sensors 
that measure chemical analytes are described in, e.g., U.S. 
Pat. Nos. 6,625,479 and 6,201,980. 

0114. If excessive scar tissue growth or extracellular 
matrix deposition occurs around the Sensor, the Sensor may 
receive erroneous information that compromises its efficacy, 
or the scar tissue may block the flow of metabolites or 
electrolytes to the detector mechanism of the Sensor. For 
example, many metabolite/electrolyte Sensing devices fail 
after initially Successful implantation because encapsulation 
of the implant causes it to detect nonrelevant levels (i.e., the 
device detects conditions in the microenvironment of the 
capsule Surrounding the implant, not blood levels). Sensing 
devices that release a therapeutic agent able to reduce 
Scarring can increase the efficiency of metabolite/electrolyte 
detection and increase the duration that these devices func 
tion clinically. In one aspect, the device includes implantable 
Sensor devices that are coated with an anti-Scarring agent or 
a composition that includes an anti-Scarring agent. The 
fibrosis-inhibiting agent can also be incorporated into, and 
released from, the components (such as polymers) that are 
part of the Structure of the implanted Sensor. AS an alterna 
tive to this, or in addition to this, a composition that includes 
an anti-Scarring agent can be infiltrated into the tissue 
Surrounding where the device is, or will be, implanted. 

0115 Although numerous examples of implantable sen 
Sor devices have been described above, all possess similar 
design features and cause Similar unwanted foreign body 
tissue reactions following implantation. It may be obvious to 

Aug. 4, 2005 

one of Skill in the art that commercial Sensor devices not 
Specifically cited above as well as next-generation and/or 
Subsequently-developed commercial Sensor products are to 
be anticipated and are Suitable for use under the present 
invention. The Sensor device, particularly the Sensing ele 
ment, must be positioned in a very precise manner to ensure 
that detection is carried out at the correct anatomical loca 
tion in the body. All, or parts, of a Sensor device can migrate 
following Surgery, or excessive Scar tissue growth can occur 
around the implant, which can lead to a reduction in the 
performance of these devices. The formation of a fibrous 
capsule around the Sensor can impede the flow of biological 
information to the detector and/or cause the device to detect 
levels that are not physiologically relevant (i.e., detect levels 
in the capsule instead of true physiological levels outside the 
capsule). Not only can this lead to incomplete or inaccurate 
readings, it can cause the physician or the patient to make 
incorrect therapeutic decisions based on the information 
generated. Implantable Sensor devices that release a thera 
peutic agent for reducing Scarring (or fibrosis) at the Sensor 
tissue interface can be used to increase the efficacy and/or 
the duration of activity of the implant. In one aspect, the 
present invention provides implantable Sensor devices that 
include an anti-Scarring agent or a composition that includes 
an anti-Scarring agent. Numerous polymeric and non-poly 
meric delivery Systems for use in implantable Sensor devices 
will be described below. These compositions can further 
include one or more fibrosis-inhibiting agents Such that the 
overgrowth of granulation, fibrous, or neointimal tissue is 
inhibited or reduced. 

0116 Methods for incorporating fibrosis-inhibiting com 
positions onto or into these sensor devices include: (a) 
directly affixing to the Sensing device a fibrosis-inhibiting 
composition (e.g., by either a spraying process or dipping 
process as described below, with or without a carrier), (b) 
directly incorporating into the Sensing device a fibrosis 
inhibiting composition (e.g., by either a spraying process or 
dipping proceSS as described below, with or without a carrier 
(c) by coating the Sensing device with a Substance Such as a 
hydrogel which will in turn absorb the fibrosis-inhibiting 
composition, (d) by interweaving a fibrosis-inhibiting com 
position coated thread (or the polymer itself formed into a 
thread) into the Sensing device, (e) by inserting the Sensing 
device into a sleeve or mesh which is comprised of, or 
coated with, a fibrosis-inhibiting composition, (f) construct 
ing the Sensing device itself (or a portion of the device 
and/or the detector) with a fibrosis-inhibiting composition, 
or (g) by covalently binding the fibrosis-inhibiting agent 
directly to the Sensing device Surface or to a linker (Small 
molecule or polymer) that is coated or attached to the device 
(or detector) Surface. Each of these methods illustrates an 
approach for combining the Sensor, detector or electrode 
with a fibrosis-inhibiting (also referred to herein as anti 
Scarring) agent according to the present invention. 

0.117) For these sensors, detectors and electrodes, the 
coating process can be performed in Such a manner as to: (a) 
coat a portion of the Sensing device (Such as the detector); 
or (b) coat the entire Sensing device with the fibrosis 
inhibiting composition. In addition to, or alternatively, the 
fibrosis-inhibiting agent can be mixed with the materials that 
are used to make the device Such that the fibrosis-inhibiting 
agent is incorporated into the final product. In these man 
ners, a medical device may be prepared which has a coating, 
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where the coating is, e.g., uniform, non-uniform, continu 
ous, discontinuous, or patterned. 
0118. In another aspect, an implantable sensor device 
may include a plurality of reservoirs within its structure, 
each reservoir configured to house and protect a therapeutic 
drug (i.e., one or more fibrosis-inhibiting agents). The res 
ervoirs may be formed from divets in the device surface or 
micropores or channels in the device body. In one aspect, the 
reservoirs are formed from voids in the structure of the 
device. The reservoirs may house a single type of drug (e.g., 
fibrosis-inhibiting agent) or more than one type of drug (e.g., 
a fibrosis-inhibiting agent and an anti-infective agent). The 
drug(s) may be formulated with a carrier (e.g., a polymeric 
or non-polymeric material) that is loaded into the reservoirs. 
The filled reservoir can function as a drug delivery depot 
which can release drug over a period of time dependent on 
the release kinetics of the drug from the carrier. In certain 
embodiments, the reservoir may be loaded with a plurality 
of layers. Each layer may include a different drug having a 
particular amount (dose) of drug, and each layer may have 
a different composition to further tailor the amount and type 
of drug that is released from the substrate. The multi-layered 
carrier may further include a barrier layer that prevents 
release of the drug(s). The barrier layer can be used, for 
example, to control the direction that the drug elutes from 
the Void. Thus, the coating of the medical device may 
directly contact the implantable Sensor device, or it may 
indirectly contact the device when there is Something, e.g., 
a polymer layer, that is interposed between the sensor device 
and the coating that contains the fibrosis-inhibiting agent. 
0119). In addition to, or as an alternative to, incorporating 
a fibrosis-inhibiting agent onto or into the implantable 
Sensor device, the fibrosis-inhibiting agent can be applied 
directly or indirectly to the tissue adjacent to the Sensor 
device (preferably near the Sensor-tissue interface). This can 
be accomplished by applying the fibrosis-inhibiting agent, 
with or without a polymeric, non-polymeric, or Secondary 
carrier: (a) to the Sensor and/or detector Surface (e.g., as an 
injectable, paste, gel or meSH) during the implantation 
procedure; (b) to the Surface of the tissue (e.g., as an 
injectable, paste, gel, in Situ forming gel or meSH) prior to, 
immediately prior to, or during, implantation of the Sensor; 
(c) to the Surface of the Sensor and/or the tissue Surrounding 
the implanted Sensor and/or detector (e.g., as an injectable, 
paste, gel, in Situ forming gel or meSH) immediately after 
the implantation of the Sensor; (d) by topical application of 
the anti-fibrosis agent into the anatomical Space where the 
implantable Sensor will be placed (particularly useful for this 
embodiment is the use of polymeric carriers which release 
the fibrosis-inhibiting agent over a period ranging from 
Several hours to Several weekS-fluids, Suspensions, emul 
Sions, microemulsions, microSpheres, pastes, gels, micro 
particulates, Sprays, aerosols, Solid implants and other for 
mulations which release the agent can be delivered into the 
region where the device will be inserted); (e) via percuta 
neous injection into the tissue Surrounding the implantable 
Sensor as a Solution, as an infusate, or as a Sustained release 
preparation, (f) by any combination of the aforementioned 
methods. Combination therapies (i.e., combinations of 
therapeutic agents and combinations with antithrombotic, 
antiplatelet, and/or anti-infective agents) can also be used. 
0120. It may be noted that certain polymeric carriers 
themselves can help prevent the formation of fibrous tissue 
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on the Sensor and/or fibrous encapsulation of the implanted 
Sensor. These carriers (described below) are particularly 
useful for the practice of this embodiment, either alone, or 
in combination with a fibrosis-inhibiting composition. The 
following polymeric carriers can be infiltrated (as described 
in the previous paragraph) into the vicinity of the Sensor 
tissue interface and include: (a) sprayable collagen-contain 
ing formulations such as COSTASIS and crosslinked deriva 
tized poly(ethylene glycol)-collagen compositions 
(described, e.g., in U.S. Pat. Nos. 5,874,500 and 5,565,519 
and referred to herein as “CT3" (both from Angiotech 
Pharmaceuticals, Inc., Canada), either alone, or loaded with 
a fibrosis-inhibiting agent, applied to the implantation Site 
(or the detector/sensor surface); (b) sprayable PEG-contain 
ing formulations such as COSEAL (Angiotech Pharmaceu 
ticals, Inc.), FOCALSEAL (Genzyme Corporation, Cam 
bridge, Mass.), SPRAYGEL or DURASEAL (both from 
Confluent Surgical, Inc., Boston, Mass.), either alone, or 
loaded with a fibrosis-inhibiting agent, applied to the 
implantation site (or the detector/sensor Surface); (c) fibrino 
gen-containing formulations such as FLOSEAL or TIS 
SEAL (both from Baxter Healthcare Corporation, Fremont, 
Calif.), either alone, or loaded with a fibrosis-inhibiting 
agent, applied to the implantation site (or the detector/sensor 
Surface); (d) hyaluronic acid-containing formulations Such 
as RESTYLANE or PERLANE (both from Q-Med AB, 
Sweden), HYLAFORM (Inamed Corporation, Santa Bar 
bara, Calif.), SYNVISC (Biomatrix, Inc., Ridgefield, N.J.), 
SEPRAFILM or SEPRACOAT (both from Genzyme Cor 
poration), loaded with a fibrosis-inhibiting agent applied to 
the implantation site (or the detector/sensor Surface); (e) 
polymeric gels for Surgical implantation Such as REPEL 
(Life Medical Sciences, Inc., Princeton, N.J.) or FLOWGEL 
(Baxter Healthcare Corporation) alone, or loaded with a 
fibrosis-inhibiting agent, applied to the implantation site (or 
the detector/sensor Surface), (f) orthopedic "cements’ used 
to hold prostheses and tissues in place loaded with a fibrosis 
inhibiting agent applied to the implantation site (or the 
detector/sensor surface), such as OSTEOBOND (Zimmer, 
Inc., Warsaw, Ind.), low viscosity cement (LVC) from 
Wright Medical Technology, Inc. (Arlington, Tenn.) SIM 
PLEXP (Stryker Corporation, Kalamazoo, Mich.), PALA 
COS (Smith & Nephew Corporation, United Kingdom), and 
ENDURANCE (Johnson & Johnson, Inc., New Brunswick, 
N.J.), (g) Surgical adhesives containing cyanoacrylates Such 
as DERMABOND (Johnson & Johnson, Inc., New Brun 
swick, N.J.), INDERMIL (U.S. Surgical Company, Nor 
walk, Conn.), GLUSTITCH (Blacklock Medical Products 
Inc., Canada), TISSUMEND (Veterinary Products Labora 
tories, Phoenix, Ariz.), VETBOND (3M Company, St. Paul, 
Minn.), HISTOACRYL BLUE (Davis & Geck, St. Louis, 
Mo.) and ORABASE SOOTHE-N-SEAL LIQUID PRO 
TECTANT (Colgate-Palmolive Company, New York, N.Y.), 
either alone, or loaded with a fibrosis-inhibiting agent, 
applied to the implantation site (or the detector/sensor 
Surface), (h) implants containing hydroxyapatite (or Syn 
thetic bone material Such as calcium sulfate, VITOSS and 
CORTOSS (both available from Orthovita, Inc., Malvern, 
Pa.)) loaded with a fibrosis-inhibiting agent applied to the 
implantation site (or the detector/sensor Surface); (ii) other 
biocompatible tissue fillers alone, or loaded with a fibrosis 
inhibiting agent, Such as those made by BioCure, Inc. 
(Norcross, Ga.), 3M Company and Neomend, Inc. (Sunny 
Vale, Calif.), applied to the implantation site (or the detector/ 
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Sensor Surface); (ii) polysaccharide gels Such as the ADCON 
Series of gels (available from Gliatech, Inc., Cleveland, 
Ohio) either alone, or loaded with a fibrosis-inhibiting agent, 
applied to the implantation site (or the detector/sensor 
Surface); and/or (k) films, Sponges or meshes Such as 
INTERCEED (Gynecare Worldwide, a division of Ethicon, 
Inc., Somerville, N.J.), VICRYL mesh (Ethicon, Inc.), and 
GELFOAM (Pfizer, Inc., New York, N.Y.) alone, or loaded 
with a fibrosis-inhibiting agent applied to the implantation 
Site (or the detector/sensor Surface). 
0121 A preferred polymeric matrix which can be used to 
help prevent the formation of fibrous tissue on the Sensor 
and/or fibrous encapsulation of the implanted Sensor, either 
alone or in combination with a fibrosis inhibiting agent/ 
composition, is formed from reactants comprising either one 
or both of pentaerythritol poly(ethylene glycol)ether tetra 
sulfhydryl (4-armed thiol PEG, which includes structures 
having a linking group(s) between a Sulfhydryl group(S) and 
the terminus of the polyethylene glycol backbone) and 
pentaerythritol poly(ethylene glycol)ether tetra-Succinim 
idyl glutarate (4-armed NHS PEG, which again includes 
Structures having a linking group(s) between a NHS 
group(S) and the terminus of the polyethylene glycol back 
bone) as reactive reagents. Another preferred composition 
comprises either one or both of pentaerythritol poly(ethylene 
glycol)ether tetra-amino (4-armed amino PEG, which 
includes structures having a linking group(S) between an 
amino group(S) and the terminus of the polyethylene glycol 
backbone) and pentaerythritol poly(ethylene glycol)ether 
tetra-succinimidyl glutarate (4-armed NHS PEG, which 
again includes structures having a linking group(s) between 
a NHS group(s) and the terminus of the polyethylene glycol 
backbone) as reactive reagents. Chemical structures for 
these reactants are shown in, e.g., U.S. Pat. No. 5,874,500. 
Optionally, collagen or a collagen derivative (e.g., methy 
lated collagen) is added to the poly(ethylene glycol)-con 
taining reactant(s) to form a preferred crosslinked matrix 
that can Serve as a polymeric carrier for a therapeutic agent 
or a Stand-alone composition to help prevent the formation 
of fibrous tissue around the implanted Sensor. 
0122). As should be apparent to one of skill in the art, 
potentially any anti-Scarring agent described below may be 
utilized alone, or in combination, in the practice of this 
embodiment. AS Sensor devices are made in a variety of 
configurations and sizes, the exact dose administered will 
vary with device size, Surface area and design. However, 
certain principles can be applied in the application of this art. 
Drug dose can be calculated as a function of dose per unit 
area (of the portion of the device being coated), total drug 
dose administered can be measured and appropriate Surface 
concentrations of active drug can be determined. Regardless 
of the method of application of the drug to the device (i.e., 
as a coating, incorporated into the Structural components of 
the Sensor, or infiltrated into the Surrounding tissue), the 
fibrosis-inhibiting agents, used alone or in combination, may 
be administered under the following dosing guidelines: 
0123 Drugs and dosage: Therapeutic agents that may be 
used include but are not limited to: antimicrotubule agents 
including taxanes (e.g., paclitaxel and docetaxel), other 
microtubule Stabilizing agents and anti-microtubule drugs, 
mycophenolic acid, Sirolimus, tacrolimus, everolimus, ABT 
578 and Vinca alkaloids (e.g., vinblastine and Vincristine 
Sulfate) as well as analogues and derivatives thereof. Spe 
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cific drugs and their corresponding dosages will be 
described in greater detail later, however, in general they are 
to be used at concentrations that range from Several times 
more than a single Systemic dose (e.g., the dose used in oral 
or i.v. administration) to a fraction of a single systemic dose 
(e.g., 50%, 10%, 5%, or even less than 1% of the concen 
tration typically used in a single systemic dose application). 
In certain embodiments, the drug is released in effective 
concentrations for a period ranging from 1-90 days. Anti 
microtubule agents including taxanes, Such as paclitaxel and 
analogues and derivatives (e.g., docetaxel) thereof, and 
Vinca alkaloids, including vinblastine and Vincristine Sulfate 
and analogues and derivatives thereof, should be used under 
the following parameters: total dose not to exceed 10 mg 
(range of 0.1 ug to 10 mg); preferred total dose 1 ug to 3 mg. 
Dose per unit area of the device of 0.05 ug-10 ug per mm 2, 
preferred dose/unit area of 0.20 ug/mm-5 ug/mm. Mini 
mum concentration of 10-10" M of drug is to be main 
tained on the device Surface. Immunomodulators including 
sirolimus, ABT-578 and everolimus: sirolimus (i.e., rapa 
mycin, RAPAMUNE): Total dose not to exceed 10 mg 
(range of 0.1 ug to 10 mg); preferred 10 ug to 1 mg. The dose 
per unit area of 0.1 ug-100 ug per mm ; preferred dose of 0.5 
tug/mm-10 ug/mm. Minimum concentration of 10-10" 
M is to be maintained on the device Surface. Everolimus and 
derivatives and analogues thereof: Total dose should not 
exceed 10 mg (range of 0.1 ug to 10 mg); preferred 10 ug 
to 1 mg. The dose per unit area of 0.1 lug-100 ug per mm 
of Surface area; preferred dose of 0.3 ug/mm-10 ug/mm. 
Minimum concentration of 10-10" M of everolimus is to 
be maintained on the device Surface. InoSine monophos 
phate dehydrogenase inhibitors (e.g., mycophenolic acid, 
1-alpha-25 dihydroxy vitamin D) and analogues and 
derivatives thereof: total dose not to exceed 2000 mg (range 
of 10.0 ug to 2000 mg); preferred 10 ug to 300 mg. The dose 
per unit area of the device of 10 ug-1000 ug per mm; 
preferred dose of 2.5 lug/mm°-500 tug/mm . Minimum con 
centration of 10-10 M of mycophenolic acid is to be 
maintained on the device Surface. 

0.124 2. Implantable Pumps 
0.125. In another aspect, implantable pumps that include 
an anti-Scarring agent are provided that can be used to 
deliver drugs to a desired location. Implantable drug deliv 
ery devices and pumps are a means to provide prolonged, 
Site-specific release of a therapeutic agent for the manage 
ment of a variety of medical conditions. Drug delivery 
implants and pumps are generally utilized when a localized 
pharmaceutical impact is desired (i.e., the condition affects 
only a specific region) or when Systemic delivery of the 
agent is inefficient or ineffective (i.e., leads to toxicity or 
Severe side effects, results in inactivation of the drug prior to 
reaching the target tissue, produces poor Symptom/disease 
control, and/or leads to addiction to the medication). 
Implantable pumps can also deliver Systemic drug levels in 
a constant, regulated manner for extended periods and help 
patients avoid the “peaks and valleys” of blood-level drug 
concentrations associated with intermittent Systemic dosing. 
Another advantage of implantable pumps is improved 
patient compliance. Many patients forget to take their medi 
cations regularly (particularly the young, elderly, chroni 
cally ill, mentally handicapped), but with an implantable 
pump, this problem is alleviated. For many patients this can 
lead to better Symptom control (the dosage can often be 
titrated to the Severity of the Symptoms), Superior disease 
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management (particularly for insulin delivery in diabetics), 
and lower drug requirements (particularly for pain medica 
tions). 
0.126 Innumerable drug delivery implants and pumps 
have been used in a variety of clinical applications, includ 
ing programmable insulin pumps for the treatment of dia 
betes, intrathecal (in the spine) pumps to administer narcot 
ics (e.g., morphine, fentanyl) for the relief of pain (e.g., 
cancer, back problems, HIV, post-Surgery), local and Sys 
temic delivery of chemotherapy for the treatment of cancer 
(e.g., hepatic artery 5-FU infusion for liver tumors), medi 
cations for the treatment of cardiac conditions (e.g., anti 
arrhythmic drugs for cardiac rhythm abnormalities), intrath 
ecal delivery of anti-Spasmotic drugs (e.g., baclofen) for 
Spasticity in neurological disorders (e.g., Multiple Sclerosis, 
spinal cord injuries, brain injury, cerebral palsy), or local/ 
regional antibiotics for infection management (e.g., osteo 
myelitis, Septic arthritis). Typically, drug delivery pumps are 
implanted Subcutaneously and consist of a pump unit with a 
drug reservoir and a flexible catheter through which the drug 
is delivered to the target tissue. The pump Stores and releases 
prescribed amounts of medication via the catheter to achieve 
therapeutic drug levels either locally or Systemically 
(depending upon the application). The center of the pump 
has a Self-sealing access port covered by a Septum Such that 
a needle can be inserted percutaneously (through both the 
skin and the Septum) to refill the pump with medication as 
required. There are generally two types of implantable drug 
delivery pumps. Constant-rate pumps are usually powered 
by gas and are designed to dispense drugs under pressure as 
a continual dosage at a preprogrammed, constant rate. The 
amount and rate of drug flow and regulated by the length of 
the catheter used, temperature, and altitude and they are best 
when unchanging, long-term drug delivery is required. Pro 
grammable-rate pumpS utilize a battery-powered pump and 
a constant pressure reservoir to deliver drugs on a periodic 
basis in a manner that can be programmed by the physician 
or the patient. For the programmable infusion device, the 
drug may be delivered in Small, discrete doses based on a 
programmed regimen which can be altered according to an 
individual's clinical response. 
0127. In general, drug delivery pumps are implanted to 
deliver drug at a regulated dose and may, in certain appli 
cations, be used in conjunction with implantable Sensors that 
collect information which is used to regulate drug delivery 
(often called a “closed loop” System). Implantable drug 
delivery pumps may function and deliver drug in a variety 
of ways, which include, but are not limited to: (a) delivering 
drugs only when changes in the body are detected (e.g., 
Sensor Stimulated); (b) delivering drugs as a continuous slow 
release (e.g., constant flow); (c) delivering drugs at pre 
Scribed dosages in a pulsatile manner (e.g., non-constant 
flow); (d) delivering drugs by programmable means; and (e) 
delivering drugs through a device that is designed for a 
Specific anatomical site (e.g., intraocular, intrathecal, intra 
peritoneal, intra-arterial or intracardiac). In addition to deliv 
ering drugs in a Specific way or to a Specific location, drug 
delivery pumps may also be categorized based on their 
mechanical delivery technology (e.g., the driving force by 
which drug delivery occurs). For example, the mechanics for 
delivering drugs may include, without limitation, OSmotic 
pumps, metering Systems, peristaltic (roller) pumps, elec 
tronically driven pumps, ocular drug delivery pumps and 
implants, elastomeric pumps, Spring-contraction pumps, 
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gas-driven pumps (e.g., induced by electrolytic cell or 
chemical reaction), hydraulic pumps, piston-dependent 
pumps and non-piston-dependent pumps, dispensing cham 
bers, infusion pumps, passive pumps, infusate pumps and 
oSmotically-driven fluid dispensers. 
0128. The clinical function of an implantable drug deliv 
ery device or pump depends upon the device, particularly the 
catheter or drug-dispensing component(s), being able to 
effectively maintain intimate anatomical contact with the 
target tissue (e.g., the Sudural space in the spinal cord, the 
arterial lumen, the peritoneum, the interstitial fluid) and not 
becoming encapsulated or obstructed by Scar tissue. Unfor 
tunately, in many instances when these devices are 
implanted in the body, they are subject to a “foreign body” 
response from the Surrounding host tissues as described 
previously. For implantable pumps, the drug-delivery cath 
eter lumen, catheter tip, dispensing components, or delivery 
membrane may become obstructed by Scar tissue which may 
cause the flow of drug to Slowdown or cease completely. 
Alternatively, the entire pump, the catheter and/or the dis 
pensing components can become encapsulated by Scar (i.e., 
the body “walls off the device with fibrous tissue) so that 
the drug is incompletely delivered to the target tissue (i.e., 
the Scar prevents proper drug movement and distribution 
from the implantable pump to the tissueS on the other side 
of the capsule). Either of these developments may lead to 
inefficient or incomplete drug flow to the desired target 
tissues or organs (and loss of clinical benefit), while encap 
Sulation can also lead to local drug accumulation (in the 
capsule) and additional clinical complications (e.g., local 
drug toxicity; drug Sequestration followed by Sudden 
“dumping of large amounts of drug into the Surrounding 
tissues). Additionally, the tissue Surrounding the implantable 
pump can be inadvertently damaged from the inflammatory 
foreign body response leading to loSS of function and/or 
tissue damage (e.g., Scar tissue in the Spinal canal causing 
pain or obstructing the flow of cerebroSpinal fluid). 
0.129 Implantable drug delivery pumps that release one 
or more therapeutic agents for reducing Scarring at the 
device-tissue interface (particularly in and around the drug 
delivery catheter or drug dispensing components) may help 
prolong the clinical performance of these devices. Inhibition 
of fibrosis can make Sure that the correct amount of drug is 
dispensed from the device at the appropriate rate and that 
potentially toxic drugs do not become Sequestered in a 
fibrous capsule. For devices that include electrical or battery 
components, not only can fibrosis cause the device to 
function Suboptimally or not at all, it can cause excessive 
drain on battery life as increased energy is required to 
overcome the increased resistance imposed by the interven 
ing Scar tissue. 
0.130 Virtually any implantable pump may benefit from 
the present invention. In one aspect, the drug delivery pump 
may deliver drugs in a continuous, constant-flow, Slow 
release manner. For example, the drug delivery pump may 
be a passive pump adapted to provide a constant flow of 
medication which may be regulated by a preSSure Sensing 
chamber and a valve chamber in which the constant flow rate 
may be changed to a new constant flow rate. See, e.g., U.S. 
Pat. No. 6,589,205. In another aspect, the drug delivery 
pump may deliver drugs at prescribed dosages in a non 
constant flow or pulsatile manner. For example, the drug 
delivery pump may adapt a regular pump to generate a 
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pulsatile fluid drug flow by continuously filling a chamber 
and then releasing a valve to provide a bolus pulse of the 
drug. See, e.g., U.S. Pat. No. 6,312,409. In another aspect, 
the drug delivery pump may be programmed to dispense 
drug in a very Specific manner. For example, the drug 
delivery pump may be a programmable infusate pump 
composed of a variable Volume infusate chamber, and 
variable Volume control fluid pressure and displacement 
reservoirs, whereby a fluid flow is Sampled by a micropro 
ceSSor based on the programmed value and adjustments are 
made accordingly to maintain the programmed fluid flow. 
See, e.g., U.S. Pat. No. 4,443,218. 
0131. In another aspect, the drug delivery pump suitable 
for use in the present invention may be manufactured based 
on different mechanical technologies (e.g., driving forces) of 
delivering drugs. For example, the drug delivery pump may 
be an implant composed of a piston that divides two cham 
bers in which one chamber contains a water-SWellable agent 
and the other chamber contains a leuprolide formulation for 
delivery. See, e.g., U.S. Pat. No. 5,728,396. The drug 
delivery pump may be a non-cylindrical osmotic pump 
System that may not rely upon a piston to infuse drug and 
conforms to the anatomical implant Site. See, e.g., U.S. Pat. 
No. 6,464,688. The drug delivery pump may be an osmoti 
cally driven fluid dispenser composed of a flexible inner bag 
that contains the drug composition and a port in which the 
composition can be delivered. See, e.g., U.S. Pat. No. 
3,987,790. The drug delivery pump may be a fluid-imbibing 
delivery implant composed of a compartment with a com 
position permeable to the passage of fluid and has an 
extended rigid sleeve to resist transient mechanical forces. 
See, e.g., U.S. Pat. Nos. 5,234,692 and 5,234,693. The drug 
delivery pump may be a pump with an isolated hydraulic 
reservoir, metering device, displacement reservoir, drug 
reservoir, and drug infusion port that is all contained in a 
housing apparatus. See, e.g., U.S. Pat. No. 6,629,954. The 
drug delivery pump may be composed of a dispensing 
chamber that has a dispensing passage and valves that are 
under compressive force to enable drug to flow in a one-way 
direction. See, e.g., U.S. Pat. No. 6,283,949. The drug 
delivery pump may be Spring-driven based on a Spring 
regulating pressure difference with a variable volume drug 
chamber. See, e.g., U.S. Pat. No. 4,772,263. Other examples 
of drug delivery pumps are described in, e.g., U.S. Pat. NoS. 
6,645,176; 6,471,688; 6.283,949; 5,137,727 and 5,112,614. 
0.132. In addition, there are osmotically driven drug 
delivery pumps that are commercially available and Suitable 
for the practice of the invention. These osmotic pumps 
include the DUROS Implant and ALZET Osmotic Pump 
from Alza Corporation (Mountain View, Calif.), which are 
used to delivery a wide variety of drugs and other therapeu 
tics through the method of osmosis (see, e.g., U.S. Pat. Nos. 
6,283,953; 6,270,787; 5,660,847; 5,112,614; 5,030,216 and 
4,976,966). 
0.133 AS described above, the drug delivery pump can be 
combined with an agent that inhibits fibrosis to improve 
performance of the device. Fibrosis-inhibiting agents can 
also be incorporated into, and released from, the materials 
that are used to construct the device (e.g., the polymers that 
make up the delivery catheters, the Semipermeable mem 
branes etc.). Alternatively, or in addition, the fibrosis-inhib 
iting agent can be infiltrated into the region around the 
device-tissue interface. It may be obvious to one of skill in 
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the art that commercial drug delivery pumps not specifically 
cited as well as next-generation and/or Subsequently-devel 
oped commercial drug delivery products are to be antici 
pated and are Suitable for use under the present invention. 
0.134 Several specific drug delivery pumps and treat 
ments will be described in greater detail including: 
0135) 
0.136. In one aspect, the drug delivery pump may be an 
insulin pump. Insulin pumps are used for patients with 
diabetes to replace the need to control blood glucose levels 
by daily manual injections of insulin. Precise titration of the 
dosage and timing of insulin administration is a critical 
component in the effective management of diabetes. If the 
insulin dosage is too high, blood glucose levels drop pre 
cipitously, resulting in confusion and potentially even loSS of 
consciousness. If insulin dosage is too low, blood glucose 
levels rise too high, leading to excessive thirst, urination, 
and changes in metabolism known as ketoacidosis. If the 
timing of insulin administration is incorrect, blood glucose 
levels can fluctuate wildly between the two extremes-a 
Situation that is thought to contribute to Some of the long 
term complications of diabetes Such as heart disease, kidney 
failure, nerve damage and blindness. Since in the extreme, 
all these conditions can be life threatening, the precise 
dosing and timing of insulin administration is essential to 
preventing the short and long-term complications of diabe 
teS. 

a. Implantable Insulin Pumps for Diabetes 

0.137 Implantable pumps automate the administration of 
insulin and eliminate human errors of dosage and timing that 
can have long-term health consequences. The pump has the 
capability to inject insulin regularly, multiple times a day 
and in Small doses into the blood Stream, peritoneal cavity 
or Subcutaneous tissue. The pump is refilled with insulin 
once or twice a month by injection directly into the pump 
chamber. This reduces the number of externally adminis 
tered injections the patient must undergo and also allows 
preprogrammed variable amounts of insulin to be released at 
different times into the blood stream; a situation which more 
closely resembles normal pancreas function and minimizes 
fluctuations in blood glucose levels. The insulin pump may 
be activated by an externally generated Signal after the 
patient has withdrawn a drop of blood, Subjected it to an 
analysis, and made a determination of the amount of insulin 
that needs to be delivered. However, the most widely 
pursued application of this technology is the production of 
a closed-loop "artificial pancreas” which can continuously 
detect blood glucose levels (through an implanted Sensor) 
and provide feedback to an implantable pump to modulate 
the administration of insulin to a diabetic patient. 
0.138 Numerous types of insulin pumps are suitable for 
use in the practice of the invention. For example, the drug 
delivery pump may include both an implantable Sensor and 
a drug delivery pump by being composed of a mass of living 
cells and an electrical Signal that regulates the delivery of 
glucose or glucagon or insulin. See, e.g., U.S. Pat. No. 
5,474,552. The drug delivery pump may be composed of a 
Single channel catheter with a Sensor which is implanted in 
a vessel that transmits blood chemistry to a Subcutaneously 
implanted infusion device which then dispenses medication 
through the catheter. See, e.g., U.S. Pat. No. 5,109,850. 
0.139 Commercially available insulin pump devices suit 
able for the practice of the invention include the MINIMED 
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2007 Implantable Insulin Pump System from Medtronic 
MiniMed, Inc. (Northridge, Calif.). The MINIMED pump 
delivers insulin into the peritoneal cavity in short, frequent 
bursts to provide insulin to the body similar to that of the 
normal pancreas (see, e.g., U.S. Pat. Nos. 6.558.345 and 
6,461.331). The MINIMED 2001 Implantable Insulin Pump 
System (Medtronic MiniMed Inc., Northridge, Calif.) deliv 
erS intraperitoneal insulin injections in a pulsatile manner 
from a negative pressure reservoir. Both these devices 
feature a long catheter that transports insulin from the 
Subcutaneously implanted pump into the peritoneal cavity. 
AS described above, the peritoneal drug-delivery catheter 
lumen or catheter tip may become partially or fully 
obstructed by Scar tissue which may cause the flow of drug 
to Slowdown or cease completely. In the present invention, 
the insulin delivery catheter can be combined with an agent 
that inhibits fibrosis to keep the delivery catheter lumen 
patent. Fibrosis-inhibiting agents can also be incorporated 
into, and released from, the materials that are used to 
construct the delivery catheters. Alternatively, or in addition, 
the fibrosis-inhibiting agent may be infiltrated into the 
region around the device-tissue interface. 
0140. It may be obvious to one of skill in the art that 
commercial drug delivery pumps not specifically cited as 
well as next-generation and/or Subsequently-developed 
commercial drug delivery products are to be anticipated and 
are Suitable for use under the present invention. 
0141 b. Intrathecal Drug Delivery Pumps 
0142. In another aspect, intrathecal drug delivery pumps 
combined with a fibrosis-inhibitor can be used to may used 
to deliver drugs into the Spinal cord for pain management 
and movement disorders. 

0143 Chronic pain is one of the most important clinical 
problems in all of medicine. For example, it is estimated that 
over 5 million people in the United States are disabled by 
back pain. The economic cost of chronic back pain is 
enormous, resulting in over 100 million lost work days 
annually at an estimated cost of S50-100 billion. The cost of 
managing pain for oncology patients is thought to approach 
S12 billion. Chronic pain disables more people than cancer 
or heart disease and costs the American public more than 
both cancer and heart disease combined. In addition to the 
physical consequences, chronic pain has numerous other 
costs including loSS of employment, marital discord, depres 
Sion and prescription drug addiction. It goes without Saying, 
therefore, that reducing the morbidity and costs associated 
with persistent pain remains a significant challenge for the 
healthcare System. 
0144) Intractable severe pain resulting from injury, ill 
neSS, Scoliosis, Spinal disc degeneration, Spinal cord injury, 
malignancy, arachnoiditis, chronic disease, pain Syndromes 
(e.g., failed back Syndrome, complex regional pain Syn 
drome) and other causes is a debilitating and common 
medical problem. In many patients, the continued use of 
analgesics, particularly drugs like narcotics, are not a viable 
Solution due to tolerance, loSS of effectiveness, and addiction 
potential. In an effort to combat this, intrathecal drug deliv 
ery devices have been developed to treat Severe intractable 
back pain that is resistant to other traditional treatment 
modalities Such as drug therapy, invasive therapy (Surgery), 
or behavioral/lifestyle changes. 
0145 Intrathecal drug delivery pumps are designed and 
used to reduce pain by delivering pain medication directly 
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into the cerebroSpinal fluid of the intrathecal Space Surround 
ing the Spinal cord. Typically, Since this therapy delivers 
pain medication topically to pain receptors contained in the 
Spinal cord that transmit pain Sensation directly to the brain, 
Smaller doses of medication are needed to gain relief. 
Morphine and other narcotics (usually fentanyl and Sufen 
tanil) are the most commonly delivered agents and many 
patients receive Superior relief with lower doses than can be 
achieved with Systemic delivery. Intrathecal drug delivery 
also allows the administration of pain medications (such as 
Ziconotide; an N-type calcium channel blocker made by 
Elan Pharmaceuticals) that cannot cross the blood-brain 
barrier and are thus only effective when administered by this 
rOute. 

0146 Intrathecal pumps are also used in the management 
of neurological and movement disorders. Baclofen (mar 
keted as Lioresal by Novartis) is an antispasmotic/muscle 
relaxant used to treat Spasticity and improve mobility in 
patients with Multiple Sclerosis, cystic fibrosis and Spinal 
injuries. This drug has been proven to be more effective and 
cause fewer side effects when administered into the CSF by 
an intrathecal drug delivery pump. Efforts are also underway 
to treat epilepsy, brain tumors, Alzheimer's disease, Parkin 
Son's disease and Amyetropic Lateral Sclerosis (ALS-Lou 
Gehrig's disease) via intrathecal administration of agents 
that may be too toxic to deliver Systemically or do not croSS 
the blood-brain barrier. For example, trials of intrathecally 
administered recombinant brain-derived neurotrophic factor 
(r-BDNF made by Amgen) have been undertaken in ALS 
patients. 

0147 An intrathecal drug delivery system consists of an 
intrathecal drug infusion pump and an intraspinal catheter, 
both of which are fully implanted. The pump device is 
implanted under the skin in the abdominal area, just above 
or below the beltline and can be refilled by percutaneous 
injection of the drug into the reservoir. The catheter is 
tunneled under the skin and runs from the pump to the 
intrathecal Space of the Spine. When operational, the pump 
administers prescribed amounts of medication to the cere 
broSpinal fluid in either a continuous fashion or in a manner 
than can be controlled by the physician or the patient in 
response to Symptoms. 

0.148. Numerous types of implantable intrathecal pumps 
are suitable for use in combination with a fibrosis-inhibiting 
agent in the practice of the invention. For example, the 
implantable pump used to deliver medication may be com 
posed of two osmotic pumps with Semipermeable mem 
branes configured to deliver up to two drug delivery regi 
mens at different rates, and having a built-in backup drug 
delivery System whereby the delivery of drug may continue 
when the primary delivery System reaches the end of its 
useful life or fails unexpectedly. See, e.g., U.S. Pat. No. 
6,471,688. The implantable pump may be may be composed 
of a battery-operated pump unit with a drug reservoir, 
catheter, and electrodes that are implanted in the epidural 
Space of a patient for relief of pain by delivering a liquid 
pain-relieving agent through the catheter to the desired 
location. See, e.g., U.S. Pat. No. 5,458,631. 
0149 Similar drug-delivery pumps have been described 
for the infusion of agents into regions of the brain to locally 
affect the excitability of the neurons in the treatment of a 
variety of chronic neurogenerative diseases (such as those 
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described above for intrathecal delivery). Implantable 
pumps may be implanted abdominally which then dispenses 
drug through a catheter that is tunneled from the abdominal 
implant Site, through the neck to an entry Site in the head, 
and then to the localized treatment site within the brain. 
Pumps that deliver drug to the brain may discharge the drug 
at a variety of locations, including, but not limited to, 
anterior thalamus, Ventrolateral thalamus, internal Segment 
of the globus pallidus, Substantia nigra parS reticulate, 
Subthalamic nucleus, external Segment of globus pallidus, 
and neostriatum. For example, the drug delivery pump may 
be composed of an implantable pump portion coupled to a 
catheter for infusing dosages of drug to a predetermined 
location of the brain when a Sensor detects a Symptom, Such 
that a neurological disorder (e.g., Seizure) may be treated. 
See, e.g., U.S. Pat. No. 5,978,702. The implantable pump 
may be implanted adjacent to a predetermined infusion site 
in a brain Such that a predetermined dosage of at least one 
drug capable of altering the level of excitation of neurons of 
the brain may be infused Such that neurodegeneration is 
prevented and/or treated. See, e.g., U.S. Pat. No. 5,735,814. 
The implantable pump may include a reservoir for the 
therapeutic agent which is Stored between the galea apo 
neurotica and cranium of a Subject whereby drug is then 
dispensed via pumping action to the desired location. See, 
e.g., U.S. Pat. No. 6,726,678. 
0150. There are numerous commercially available 
implantable, intrathecal drug-delivery Systems which are 
suitable for the practice of the invention. The SYN 
CHROMED EL Infusion System which is made by 
Medtronic, Inc. and is indicated for chronic Intrathecal 
Baclofen Therapy (ITB Therapy) (see, e.g., U.S. Pat. Nos. 
6,743,204; 6,669,663; 6,635,048; 6,629,954; 6,626,867; 
6,102,678; 5,978,702 and 5,820.589) The SYNCHROMED 
pump is a programmable, battery-operated device that Stores 
and deliverS medication based on the programmed dosing 
regimen. Medtronic, Inc. (Minneapolis, Minn.) also sells 
their ISOMED Constant-Flow Infusion System for use in 
delivering morphine Sulfate directly into the intrathecal 
Space as a treatment for chronic pain. Arrow International 
produces the Model 3000 infusion pump that provides 
constant-rate administration of agents Such as morphine and 
baclofen into the intrathecal space. Tricumed Medizintech 
nik GmbH (Kiel, Germany) produces the Archimedes(R) 
constant flow implantable infusion pump for intrathecal 
administration of pain and antispasmotic drugs. Advanced 
Neuromodulation Systems (Piano, Tex.) produces the 
AccuRX(R) infusion pump for the treatment of pain and 
neuromuscular disorders. All these devices feature a long 
catheter that transports the active agent from a Subcutane 
ously implanted pump into the intrathecal Space in the Spinal 
cord. AS described above, the intrathecal drug-delivery 
catheter lumen or catheter tip may become partially or fully 
obstructed by Scar tissue which may cause the flow of drug 
to slowdown or cease completely. Another potential com 
plication with intrathecal drug delivery is the formation of 
fibrous tissue in the subdural space that can obstruct CSF 
flow and lead to serious complications (e.g., hydrocephalus, 
increased intracranial pressure). In the present invention, the 
drug delivery catheter can be combined with an agent that 
inhibits fibrosis to keep the delivery catheter lumen patent 
and/or prevents fibrosis in the Surrounding tissue. Fibrosis 
inhibiting agents can also be incorporated into, and released 
from, the materials that are used to construct the delivery 
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catheters. Alternatively, or in addition, the fibrosis-inhibiting 
agent may be infiltrated into the region around the device 
tissue interface. The adjuvant use of an anti-infective agent 
as a catheter coating and/or implant, with or without a 
fibrosis-inhibiting agent, may also be beneficial in the prac 
tice of this invention. 

0151. It may be obvious to one of skill in the art that 
commercial intrathecal drug delivery pumps not specifically 
cited as well as next-generation and/or Subsequently-devel 
oped commercial drug delivery products are to be antici 
pated and are Suitable for use under the present invention. 

0152) 
therapy 

0153. In another aspect, the drug delivery pump may be 
a pump that dispenses a chemotherapeutic drug for the 
treatment of cancer. Pumps for dispensing a drug for the 
treatment of cancer are used to deliver chemotherapeutic 
agents to a local area of the body. Although Virtually any 
malignancy may potentially be treated in this manner (i.e., 
by infusing drug directly into a Solid tumor or into the blood 
vessels that Supply the tumor), current treatments revolve 
around the management of hepatic (liver) tumors. For 
example, FUDR (2'-deoxy 5-fluorouridine) is used in the 
palliative management of adenocarcinoma (Colon, breast, 
Stomach) that has metastasized to the liver. In hepatic artery 
infusion therapy the drug is delivered via an implantable 
pump into the artery which provides blood Supply to the 
liver. This allows for higher drug concentrations to reach the 
liver (the drug is not diluted in the blood as may occur in 
intravenous administration) and prevents clearance by the 
liver (the drug is metabolized by the liver and may be rapidly 
cleared from the bloodstream if administered i.v.); both of 
which allow higher concentrations of the drug to reach the 
tumor. 

c. Implantable Drug Delivery Pumps for Chemo 

0154) Numerous types of implantable pumps are suitable 
for delivering chemotherapeutic agents in the practice of the 
invention. For example, the implantable pump may have a 
dispensing chamber with a dispensing passage and actuator, 
reservoir housing with reservoir, and Septum for refilling the 
reservoir. See, e.g., U.S. Pat. No. 6,283,949. Medtronic, Inc. 
sells their ISOMED Constant-Flow Infusion System which 
may be used to deliver chronic intravascular infusion of 
floxuridine in a fixed flow rate for the treatment of primary 
or metastatic cancer. Tricumed Medizintechnik GmbH 
(Kiel, Germany) sells their ARCHIMEDES DC implantable 
infusion pump Specially adapted to deliver chemotherapy in 
a constant flow rate within the vicinity of a tumor (See, e.g., 
U.S. Pat. Nos. 5,908,414 and 5,769,823). Arrow Interna 
tional produces the Model 3000 infusion pump that provides 
constant-rate administration of chemotherapeutic agents into 
a tumor. All these devices feature a catheter that transports 
the chemotherapeutic agent from a Subcutaneously 
implanted pump directly into the tumor or the artery that 
Supplies a tumor. AS described above, the drug-delivery 
catheter lumen or catheter tip may become partially or fully 
obstructed by Scar tissue which may cause the flow of drug 
to Slowdown or cease completely. If placed intravascularly, 
the drug-delivery catheter lumen or catheter tip may become 
partially or fully obstructed by neointimal tissue which may 
impair the flow of drug into the blood vessel. In the present 
invention, the drug delivery catheter can be combined with 
an agent that inhibits fibrosis to keep the delivery catheter 
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lumen patent. Fibrosis-inhibiting agents can also be incor 
porated into, and released from, the materials that are used 
to construct the delivery catheters. Alternatively, or in addi 
tion, the fibrosis-inhibiting agent may be infiltrated into the 
region around the device-tissue interface. The adjuvant use 
of an anti-infective agent as a catheter coating and/or 
implant, with or without a fibrosis-inhibiting agent, may also 
be beneficial in the practice of this invention. 

O155 It may be obvious to one of skill in the art that 
commercial chemotherapy delivery pumps and implants not 
Specifically cited as well as next-generation and/or Subse 
quently-developed commercial chemotherapy delivery 
products are to be anticipated and are Suitable for use in the 
present invention. 

0156 d. Drug Delivery Pumps for the Treatment of Heart 
Disease 

O157. In another aspect, the drug delivery pump may be 
a pump that dispenses a drug for the treatment of heart 
disease. Pumps for dispensing a drug for the treatment of 
heart disease may be used to treat conditions including, but 
not limited to atrial fibrillation and other cardiac rhythm 
disorders. Atrial fibrillation is a form of heart disease that 
afflicts millions of people. It is a condition in which the 
normal coordinated contraction of the heart is disrupted, 
primarily by abnormal and uncontrolled action of the atria of 
the heart. Normally, contractions occur in a controlled 
Sequence with the contractions of the other chambers of the 
heart. When the right atrium fails to contract, contracts out 
of Sequence, or contracts ineffectively, blood flow from the 
atria to the ventricles is disrupted. Atrial fibrillation can 
cause weakness, ShortneSS of breath, angina, lightheaded 
neSS and other Symptoms due to reduced Ventricular filling 
and reduced cardiac output. Stroke can occur as a result of 
clot forming in a poorly contracting atria, breaking loose, 
and traveling via the bloodstream to the arteries of the brain 
where they become wedged and obstruct blood flow (which 
may lead to brain damage and death). Typically, atrial 
fibrillation is treated by medical or electrical conversion 
(defibrillation), however, complications may exist whereby 
the therapy causes Substantial pain or has the potential to 
initiate a life threatening ventricular arrhythmia. The pain 
asSociated with the electrical shock is Severe and unaccept 
able for many patients, Since they are conscious and alert 
when the device delivers electrical therapy. Medical therapy 
involves the delivery of anti-arrhythmic drugs by injecting 
them intravenously, administering them orally or delivering 
them locally via a drug delivery pump. 

0158 Numerous types of implantable pumps are 
described for dispensing a drug for the treatment of heart 
disease and are Suitable for use in the practice of the 
invention. For example, the drug delivery pump may be an 
implantable cardiac electrode which deliverS Stimulation 
energy and dispenses drug adjacent to the Stimulation site. 
See, e.g., U.S. Pat. No. 5,496,360. The drug delivery pump 
may have a plurality of Silicone Septii to facilitate the filling 
of drug reservoirs within the pump which is Subcutaneously 
implanted with a catheter which travels transvenously by 
way of the Subclavian vein through the Superior Vena cava 
and into the right atrium for drug delivery. See, e.g., U.S. 
Pat. No. 6,296,630. As described above, the drug-delivery 
catheter lumen or catheter tip may become partially or fully 
obstructed by Scar tissue which may cause the flow of drug 
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to Slowdown or cease completely. If placed intravascularly, 
the drug-delivery catheter lumen or catheter tip may become 
partially or fully obstructed by neointimal tissue which may 
impair the flow of drug into the blood vessel or the right 
atrium. In the present invention, the drug delivery catheter 
can be combined with an agent that inhibits fibrosis to keep 
the delivery catheter lumen patent. Fibrosis-inhibiting 
agents can also be incorporated into, and released from, the 
materials that are used to construct the delivery catheters. 
Alternatively, or in addition, the fibrosis-inhibiting agent 
may be infiltrated into the region around the device-tissue 
interface. The adjuvant use of an anti-infective agent as a 
catheter coating and/or implant, with or without a fibrosis 
inhibiting agent, may also be beneficial in the practice of this 
invention. 

0159. It may be obvious to one of skill in the art that 
commercial cardiac drug delivery pumps not specifically 
cited as well as next-generation and/or Subsequently-devel 
oped commercial cardiac drug delivery products are to be 
anticipated and are Suitable for use under the present inven 
tion. 

0160 
0.161 Several other implantable pumps have been devel 
oped for continuous delivery of pharmaceutical agents. 

0162 For example, Debiotech S. A. (Switzerland) has 
developed the MIP device which is an implantable piezo 
actuated silicon micropump for programmable drug delivery 
applications. This high-performance micropump is based on 
a MEMS (Micro-Electro-Mechanical) system which allows 
it to maintain a low flow rate. The DUROS Sufentanil 
implant from Durect Corporation (Cupertino, Calif.) is a 
titanium cylinder that contains a drug reservoir, and a piston 
driven by an osmotic engine. The VIADUR (leuprolide 
acetate) implant available from Alza Corporation (Mountain 
View, Calif.) uses the same DUROS implant technology to 
deliver leuprolide over a 12 month period to reduces test 
osterone levels for the treatment prostate cancer (See, e.g., 
U.S. Pat. Nos. 6,283,953; 6,270,787; 5,660,847; 5,112,614; 
5,030,216 and 4,976,966). Fibrous encapsulation of the 
device can cause failure in a number of ways including: 
obstructing the Semipermeable membrane (which will 
impair functioning of the OSmotic engine by preventing the 
flow of fluids into the engine), obstructing the exit port 
(which will impair drug flow out of the device) and/or 
complete encapsulation (which will create a microenviron 
ment that prevents drug distribution). Many other drug 
delivery implants, osmotic pumps and the like Suffer from 
Similar problems-fibrous encapsulation prevents the appro 
priate release of drugs into the Surrounding tissues. In the 
present invention, the drug delivery implant can be com 
bined with an agent that inhibits fibrosis to prevent encap 
Sulation, prevent obstruction of the Semipermeable mem 
brane and/or to keep the delivery port patent. Fibrosis 
inhibiting agents can also be incorporated into, and released 
from, the materials that are used to construct the drug 
delivery implant. Alternatively, or in addition, the fibrosis 
inhibiting agent may be infiltrated into the tissue around the 
drug delivery implant. 

e. Other Drug Delivery Implants 

0163 Although numerous implantable pumps have been 
described above, all possess Similar design features and 
cause Similar unwanted fibrous tissue reactions following 
implantation. The clinical function of an implantable drug 
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delivery device or pump depends upon the device, particu 
larly the catheter or drug-dispensing component(s), being 
able to effectively maintain intimate anatomical contact with 
the target tissue (e.g., the Sudural space in the spinal cord, the 
arterial lumen, the peritoneum, the interstitial fluid) and not 
becoming encapsulated or obstructed by Scar tissue. For 
implantable pumps, the drug-delivery catheter lumen, cath 
eter tip, dispensing components, or delivery membrane may 
become obstructed by Scar tissue which may cause the flow 
of drug to slowdown or cease completely. Alternatively, the 
entire pump, the catheter and/or the dispensing components 
can become encapsulated by Scar (i.e., the body “walls off 
the device with fibrous tissue) So that the drug is incom 
pletely delivered to the target tissue (i.e., the Scar prevents 
proper drug movement and distribution from the implantable 
pump to the tissues on the other side of the capsule). Either 
of these developments may lead to inefficient or incomplete 
drug flow to the desired target tissues or organs (and loss of 
clinical benefit), while encapsulation can also lead to local 
drug accumulation (in the capsule) and additional clinical 
complications (e.g., local drug toxicity; drug Sequestration 
followed by Sudden “dumping of large amounts of drug 
into the Surrounding tissues). For implantable pumps that 
include electrical or battery components, not only can fibro 
sis cause the device to function Suboptimally or not at all, it 
can cause excessive drain on battery life as increased energy 
is required to overcome the increased resistance imposed by 
the intervening Scar tissue. 
0164. Implantable pumps that release a therapeutic agent 
for reducing Scarring at the device-tissue interface can be 
used to increase efficacy, prolong clinical performance, 
ensure that the correct amount of drug is dispensed from the 
device at the appropriate rate, and reduce the risk that 
potentially toxic drugs become Sequestered in a fibrous 
capsule. In one aspect, the present invention provides 
implantable pumps that include a fibrosis-inhibiting agent or 
a composition that includes a fibrosis-inhibiting agent. 
Numerous polymeric and non-polymeric delivery Systems 
for use in implantable pumps have been described above. 
These compositions can further include one or more fibro 
Sis-inhibiting agents Such that the overgrowth of granulation 
or fibrous tissue is inhibited or reduced. 

0.165 Methods for incorporating fibrosis-inhibiting com 
positions onto or into implantable drug delivery pumps to 
reduce Scarring at the device-tissue interface (particularly in 
and around the drug delivery catheter or drug dispensing 
components) include: (a) directly affixing to the implantable 
pump, catheter and/or drug dispensing components a fibro 
sis-inhibiting composition (e.g., by either a spraying process 
or dipping process as described below, with or without a 
carrier), (b) directly incorporating into the implantable 
pump, catheter and/or drug dispensing components a fibro 
sis-inhibiting composition (e.g., by either a spraying process 
or dipping process as described below, with or without a 
carrier (c) by coating the implantable pump, catheter and/or 
drug dispensing components with a Substance Such as a 
hydrogel which will in turn absorb the fibrosis-inhibiting 
composition, (d) by interweaving fibrosis-inhibiting compo 
Sition coated thread (or the polymer itself formed into a 
thread) into the implantable pump, catheter and/or drug 
dispensing component structure, (e) by inserting the 
implantable pump, catheter and/or drug dispensing compo 
nents into a sleeve or mesh which is comprised of, or coated 
with, a fibrosis-inhibiting composition, (f) constructing the 
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implantable pump itself (or all, or a portion of the catheter 
and/or drug dispensing components) from a fibrosis-inhib 
iting composition, or (g) by covalently binding the fibrosis 
inhibiting agent directly to the implantable pump, catheter 
and/or drug dispensing component Surface, or to a linker 
(Small molecule or polymer) that is coated or attached to the 
device Surface. Each of these methods illustrates an 
approach for combining an implantable pump with a fibro 
sis-inhibiting (also referred to herein as anti-Scarring) agent 
according to the present invention. 
0166 For implantable pump, the coating process can be 
performed in Such a manner as to: (a) coat a portion of the 
device (Such as the catheter, drug delivery port, Semiperme 
able membrane); or (b) coat the entire device with the 
fibrosis-inhibiting composition. In addition to, or alterna 
tively, the fibrosis-inhibiting agent can be mixed with the 
materials that are used to make the implantable pump Such 
that the fibrosis-inhibiting agent is incorporated into the final 
product. In these manners, a medical device may be pre 
pared which has a coating, where the coating is, e.g., 
uniform, non-uniform, continuous, discontinuous, or pat 
terned. 

0167. In another aspect, an implantable drug delivery 
pump device may include a plurality of reservoirs within its 
Structure, each reservoir configured to house and protect a 
therapeutic drug (i.e., one or more fibrosis-inhibiting 
agents). The reservoirs may be formed from divets in the 
device Surface or micropores or channels in the device body. 
In one aspect, the reservoirs are formed from Voids in the 
Structure of the device. The reservoirs may house a single 
type of drug (e.g., fibrosis-inhibiting agent) or more than one 
type of drug (e.g., a fibrosis-inhibiting agent and an anti 
infective agent). The drug(s) may be formulated with a 
carrier (e.g., a polymeric or non-polymeric material) that is 
loaded into the reservoirs. The filled reservoir can function 
as a drug delivery depot which can release drug over a 
period of time dependent on the release kinetics of the drug 
from the carrier. In certain embodiments, the reservoir may 
be loaded with a plurality of layers. Each layer may include 
a different drug having a particular amount (dose) of drug, 
and each layer may have a different composition to further 
tailor the amount and type of drug that is released from the 
Substrate. The multi-layered carrier may further include a 
barrier layer that prevents release of the drug(s). The barrier 
layer can be used, for example, to control the direction that 
the drug elutes from the Void. Thus, the coating of the 
medical device may directly contact the pump, or it may 
indirectly contact the pump when there is Something, e.g., a 
polymer layer, that is interposed between the pump and the 
coating that contains the fibrosis-inhibiting agent. 

0168 In addition to (or as an alternative to) incorporating 
a fibrosis-inhibiting agent onto, or into, the implantable 
pump, catheter and/or drug dispensing components, the 
fibrosis-inhibiting agent can be applied directly or indirectly 
to the tissue adjacent to the implantable pump (preferably 
near in the tissue adjacent to where the drug is delivered 
from the device). This can be accomplished by applying the 
fibrosis-inhibiting agent, with or without a polymeric, non 
polymeric, or Secondary carrier: (a) to the implantable 
pump, catheter and/or drug dispensing component Surface 
(e.g., as an injectable, paste, gel, or meSH) during the 
implantation procedure; (b) to the Surface of the tissue (e.g., 
as an injectable, paste, gel, in situ forming gel, or meSH) 
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prior to, immediately prior to, or during, implantation of the 
implantable pump, catheter and/or drug dispensing compo 
nents; (c) to the Surface of the implantable pump, catheter 
and/or drug dispensing components and/or to the tissue 
Surrounding the implanted pump, catheter and/or drug dis 
pensing components (e.g., as an injectable, paste, gel, in Situ 
forming gel, or meSH) immediately after implantation; (d) 
by topical application of the anti-fibrosis agent into the 
anatomical Space where the implantable pump, catheter 
and/or drug dispensing components will be placed (particu 
larly useful for this embodiment is the use of polymeric 
carriers which release the fibrosis-inhibiting agent over a 
period ranging from Several hours to Several weekS-fluids, 
Suspensions, emulsions, microemulsions, microSpheres, 
pastes, gels, microparticulates, Sprays, aerosols, Solid 
implants and other formulations which release the agent can 
be delivered into the region where the implantable pump, 
catheter and/or drug dispensing components will be 
inserted); (e) via percutaneous injection into the tissue 
Surrounding the implantable pump, catheter and/or drug 
dispensing components as a Solution, as an infusate, or as a 
Sustained release preparation, (f) by any combination of the 
aforementioned methods. Combination therapies (i.e., com 
binations of therapeutic agents and combinations with anti 
thrombotic, antiplatelet, and/or anti-infective agents) can 
also be used. 

0169. It may be noted that certain polymeric carriers 
themselves can help prevent the formation of fibrous tissue 
around the implanted pump, catheter and/or drug dispensing 
components. These carriers (described below) are particu 
larly useful for the practice of this embodiment, either alone, 
or in combination with a fibrosis-inhibiting composition. 
The following polymeric carriers can be infiltrated (as 
described in the previous paragraph) into the vicinity of the 
interface between the implanted pump, catheter and/or drug 
dispensing components of the device and the tissue and 
include: (a) sprayable collagen-containing formulations 
Such as COSTASIS and CT3, either alone, or loaded with a 
fibrosis-inhibiting agent, applied to the implantation site (or 
the pump, catheter and/or drug dispensing component Sur 
face); (b) sprayable PEG-containing formulations Such as 
COSEAL, FOCALSEAL, SPRAYGEL or DURASEAL, 
either alone, or loaded with a fibrosis-inhibiting agent, 
applied to the implantation site (or the pump, catheter and/or 
drug dispensing component Surface); (c) fibrinogen-contain 
ing formulations such as FLOSEAL or TISSEAL, either 
alone, or loaded with a fibrosis-inhibiting agent, applied to 
the implantation site (or the pump, catheter and/or drug 
dispensing component Surface); (d) hyaluronic acid-contain 
ing formulations such as RESTYLANE, HYLAFORM, 
PERLANE, SYNVISC, SEPRAFILM, SEPRACOAT, 
loaded with a fibrosis-inhibiting agent applied to the implan 
tation site (or the pump, catheter and/or drug dispensing 
component Surface); (e) polymeric gels for Surgical implan 
tation Such as REPEL or FLOWGEL loaded with a fibrosis 
inhibiting agent applied to the implantation site (or the 
pump, catheter and/or drug dispensing component Surface); 
(f) orthopedic “cements' used to hold prostheses and tissues 
in place loaded with a fibrosis-inhibiting agent applied to the 
implantation site (or the pump, catheter and/or drug dispens 
ing component surface), such as OSTEOBOND, low vis 
cosity cement (LVC), SIMPLEX P. PALACOS, and 
ENDURANCE; (g) Surgical adhesives containing 
cyanoacrylates such as DERMABOND, INDERMIL, 
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GLUSTITCH, TISSUMEND, VETBOND, HISTOACRYL 
BLUE and ORABASE SOOTHE-N-SEAL LIQUID PRO 
TECTANT, either alone, or loaded with a fibrosis-inhibiting 
agent, applied to the implantation site (or the pump, catheter 
and/or drug dispensing component Surface), (h) implants 
containing hydroxyapatite (or Synthetic bone material Such 
as calcium sulfate, VITOSS and CORTOSS) loaded with a 
fibrosis-inhibiting agent applied to the implantation site (or 
the pump, catheter and/or drug dispensing component Sur 
face); (i) other biocompatible tissue fillers loaded with a 
fibrosis-inhibiting agent, Such as those made by BioCure, 
Inc., 3M Company and Neomend, Inc., applied to the 
implantation site (or the pump, catheter and/or drug dispens 
ing component Surface); () polysaccharide gels Such as the 
ADCON series of gels either alone, or loaded with a 
fibrosis-inhibiting agent, applied to the implantation site (or 
the pump, catheter and/or drug dispensing component Sur 
face); and/or (k) films, sponges or meshes Such as INTER 
CEED, VICRYL mesh, and GELFOAM loaded with a 
fibrosis-inhibiting agent applied to the implantation site (or 
the pump, catheter and/or drug dispensing component Sur 
face). 
0170 A preferred polymeric matrix which can be used to 
help prevent the formation of fibrous tissue around the 
implanted pump, catheter and/or drug dispensing compo 
nents, either alone or in combination with a fibrosis inhib 
iting agent/composition, is formed from reactants compris 
ing either one or both of pentaerythritol poly(ethylene 
glycol)ether tetra-sulfhydryl (4-armed thiol PEG, which 
includes structures having a linking group(s) between a 
Sulfhydryl group(s) and the terminus of the polyethylene 
glycol backbone) and pentaerythritol poly(ethylene glyco 
l)ether tetra-succinimidyl glutarate (4-armed NHS PEG, 
which again includes structures having a linking group(s) 
between a NHS group(s) and the terminus of the polyeth 
ylene glycol backbone) as reactive reagents. Another pre 
ferred composition comprises either one or both of pen 
taerythritol poly(ethylene glycol)ether tetra-amino 
(4-armed amino PEG, which includes structures having a 
linking group(s) between an amino group(S) and the termi 
nus of the polyethylene glycol backbone) and pentaerythritol 
poly(ethylene glycol)ether tetra-Succinimidyl glutarate 
(4-armed NHS PEG, which again includes structures having 
a linking group(s) between a NHS group(s) and the terminus 
of the polyethylene glycol backbone) as reactive reagents. 
Chemical Structures for these reactants are shown in, e.g., 
U.S. Pat. No. 5,874,500. Optionally, collagen or a collagen 
derivative (e.g., methylated collagen) is added to the poly 
(ethylene glycol)-containing reactant(s) to form a preferred 
crosslinked matrix that can Serve as a polymeric carrier for 
a therapeutic agent or a Stand-alone composition to help 
prevent the formation of fibrous tissue around the implanted 
pump, catheter and/or drug dispensing components. 
0171 It may be apparent to one of skill in the art that 
potentially any anti-Scarring agent described below may be 
utilized alone, or in combination, in the practice of this 
embodiment. AS implantable pumps and their drug delivery 
mechanisms (e.g., catheters, ports etc.) are made in a variety 
of configurations and sizes, the exact dose administered will 
vary with device size, Surface area and design. However, 
certain principles can be applied in the application of this art. 
Drug dose can be calculated as a function of dose per unit 
area (of the portion of the device being coated), total drug 
dose administered can be measured, and appropriate Surface 
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concentrations of active drug can be determined. Regardless 
of the method of application of the drug to the device (i.e., 
as a coating or infiltrated into the Surrounding tissue), the 
fibrosis-inhibiting agents, used alone or in combination, may 
be administered under the following dosing guidelines: 
0172 Drugs and dosage: Therapeutic agents that may be 
used include but are not limited to: antimicrotubule agents 
including taxanes (e.g., paclitaxel and docetaxel), other 
microtubule Stabilizing and anti-microtubule agents, myco 
phenolic acid, sirolimus, tacrolimus, everolimus, ABT-578 
and Vinca alkaloids (e.g., vinblastine and Vincristine Sulfate) 
as well as analogues and derivatives thereof. Drugs are to be 
used at concentrations that range from Several times more 
than a single Systemic dose (e.g., the dose used in oral ori.V. 
administration) to a fraction of a single Systemic dose (e.g., 
50%, 10%, 5%, or even less than 1% of the concentration 
typically used in a single Systemic dose application). Anti 
microtubule agents including taxanes, Such as paclitaxel and 
analogues and derivatives (e.g., docetaxel) thereof, and 
Vinca alkaloids, including vinblastine and Vincristine Sulfate 
and analogues and derivatives thereof, should be used under 
the following parameters: total dose not to exceed 10 mg 
(range of 0.1 ug to 10 mg); preferred total dose 1 ug to 3 mg. 
Dose per unit area of the device of 0.05 ug-10 ug per mm; 
preferred dose/unit area of 0.20 ug/mm°-5 ug/mm’. Mini 
mum concentration of 10-10" M of drug is to be main 
tained on the device Surface. Immunomodulators including 
sirolimus, ABT-578 and everolimus. Sirolimus (i.e., rapa 
mycin, RAPAMUNE): Total dose not to exceed 10 mg 
(range of 0.1 ug to 10 mg); preferred 10 ug to 1 mg. The dose 
per unit area of 0.1 ug-100 ug per mm; preferred dose of 0.5 
ug/mm-10 ug/mm°. Minimum concentration of 10-10' 
M is to be maintained on the device Surface. Everolimus and 
derivatives and analogues thereof: Total dose should not 
exceed 10 mg (range of 0.1 ug to 10 mg); preferred 10 ug 
to 1 mg. The dose per unit area of 0.1 ug-100 ug per mm 
of Surface area; preferred dose of 0.3 ug/mm-10 ug/mm. 
Minimum concentration of 10-10" M of everolimus is to 
be maintained on the device Surface. InoSine monophoS 
phate dehydrogenase inhibitors (e.g., mycophenolic acid, 
1-alpha-25 dihydroxy vitamin D) and analogues and 
derivatives thereof: total dose not to exceed 2000 mg (range 
of 10.0 ug to 2000 mg); preferred 10 ug to 300 mg. The dose 
per unit area of the device of 1.0 ug-1000 ug per mm; 
preferred dose of 2.5 lug/mm-500 ug/mm. Minimum con 
centration of 10-10 M of mycophenolic acid is to be 
maintained on the device Surface. 

0173 B. Therapeutic Agents for Use with Implantable 
Sensor and Drug Delivery Pump Devices 
0.174 As described previously, numerous therapeutic 
agents are potentially Suitable to inhibit fibrous tissue accu 
mulation around the implantable Sensor devices and drug 
delivery pumps in the manner just described. The invention 
provides for medical devices that include an agent that 
inhibits this tissue accumulation in the vicinity of the device, 
i.e., between the medical device and the host into which the 
medical device is implanted. The agent is therefore effective 
for this goal, is present in an amount that is effective to 
achieve this goal, and is present at one or more locations that 
allow for this goal to be achieved, and the device is designed 
to allow the beneficial effects of the agent to occur. Also, 
these therapeutic agents can be used alone, or in combina 
tion, to prevent Scar tissue build-up in the vicinity of the 
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device-tissue interface in order to improve the clinical 
performance and longevity of these implants. 

0.175 Suitable fibrosis agents may be readily identified 
based upon in vitro and in Vivo (animal) models, Such as 
those provided in Examples 34-47. Agents which inhibit 
fibrosis can also be identified through in vivo models 
including inhibition of intimal hyperplasia development in 
the rat balloon carotid artery model (Examples 39 and 47). 
The assays set forth in Examples 38 and 46 may be used to 
determine whether an agent is able to inhibit cell prolifera 
tion in fibroblasts and/or Smooth muscle cells. In one aspect 
of the invention, the agent has an ICso for inhibition of cell 
proliferation within a range of about 10 to about 10" M. 
The assay set forth in Example 42 may be used to determine 
whether an agent may inhibit migration of fibroblasts and/or 
Smooth muscle cells. In one aspect of the invention, the 
agent has an ICso for inhibition of cell migration within a 
range of about 10 to about 10M. Assays set forth herein 
may be used to determine whether an agent is able to inhibit 
inflammatory processes, including nitric oxide production in 
macrophages (Example 34), and/or TNF-alpha production 
by macrophages (Example 35), and/or IL-1 beta production 
by macrophages (Example 43), and/or IL-8 production by 
macrophages (Example 44), and/or inhibition of MCP-1 by 
macrophages (Example 45). In one aspect of the invention, 
the agent has an ICso for inhibition of any one of these 
inflammatory processes within a range of about 10 to 
about 10' M. The assay set forth in Example 40 may be 
used to determine whether an agent is able to inhibit MMP 
production. In one aspect of the invention, the agent has an 
ICs for inhibition of MMP production within a range of 
about 10" to about 10M. The assay set forth in Example 
41 (also known as the CAM assay) may be used to determine 
whether an agent is able to inhibit angiogenesis. In one 
aspect of the invention, the agent has an ICso for inhibition 
of angiogenesis within a range of about 10 to about 
10'M. Agents which reduce the formation of surgical 
adhesions may be identified through in Vivo models includ 
ing the rabbit Surgical adhesions model (Example 37) and 
the rat caecal sidewall model (Example 36). These pharma 
cologically active agents (described below) can then be 
delivered at appropriate dosages into to the tissue either 
alone, or via carriers (described herein), to treat the clinical 
problems described herein. Numerous therapeutic com 
pounds have been identified that are of utility in the present 
invention including: 

0176 1. Angiogenesis Inhibitors 

0177. In one embodiment, the pharmacologically active 
compound is an angiogenesis inhibitor (e.g., 2-ME (NSC 
659853), PI-88 (D-mannose, O-6-O-phosphono-alpha-D- 
mannopyranosyl-(1-3)-O-alpha-D-mannopyranosyl-(1-3)- 
O-alpha-D-mannopyranosyl-(1-3)-O-alpha-D- 
mannopyranosyl-(1-2)-hydrogen Sulphate), thalidomide 
(1H-isoindole-1,3(2H)-dione, 2-(2,6-dioxo-3-piperidinyl)-), 
CDC-394, CC-5079, ENMD-0995 (S-3-amino-phthalido 
glutarimide), AVE-8062A, vatalanib, SH-268, halofuginone 
hydrobromide, atiprimod dimaleate (2-azaspivo4.5decane 
2-propanamine, N,N-diethyl-8,8-dipropyl, dimaleate), ATN 
224, CHIR-258, combretastatin A-4 (phenol, 2-methoxy-5- 
2-(3,4,5-trimethoxyphenyl)ethenyl-, (Z)-), GCS-100LE, 
or an analogue or derivative thereof). 



US 2005/0169960 A1 

0.178 2.5-Lipoxygenase Inhibitors and Antagonists 
0179. In another embodiment, the pharmacologically 
active compound is a 5-lipoxygenase inhibitor or antagonist 
(e.g., Wy-50295 (2-naphthaleneacetic acid, alpha-methyl-6- 
(2-quinolinylmethoxy)-, (S)-), ONO-LP-269 (2,11,14-eico 
satrienamide, N-(4-hydroxy-2-(1H-tetrazol-5-yl)-8-quinoli 
nyl)-, (E.Z.Z)-), licofelone (1H-pyrrolizine-5-acetic acid, 
6-(4-chlorophenyl)-2,3-dihydro-2,2-dimethyl-7-phenyl-), 
CMI-568 (urea, N-butyl-N-hydroxy-N-(4-(3-(methylsulfo 
nyl)-2-propoxy-5-(tetrahydro-5-(3,4,5-trimethoxyphenyl)- 
2-furanyl)phenoxy)butyl)-trans-), IP-751 ((3R,4R)-(delta 
6)-THC-DMH-11-oic acid), PF-5901 (benzenemethanol, 
alpha-pentyl-3-(2-quinolinylmethoxy)-), LY-293111 (ben 
zoic acid, 2-(3-(3-((5-ethyl-4-fluoro-2-hydroxy(1,1'-biphe 
nyl)-4-yl)oxy)propoxy)-2-propylphenoxy)-), RG-5901-A 
(benzenemethanol, alpha-pentyl-3-(2-quinolinylmethoxy)-, 
hydrochloride), rilopirox (2(1H)-pyridinone, 6-((4-(4-chlo 
rophenoxy)phenoxy)methyl)-1-hydroxy-4-methyl-), 
L-674636 (acetic acid, ((4-(4-chlorophenyl)-1-(4-(2-quino 
linylmethoxy)phenyl)butyl)thio)-AS)), 7-((3-(4-methoxy 
tetrahydro-2H-pyran-4-yl)phenyl)methoxy)-4-phenylnaph 
tho(2,3-c)furan-1 (3H)-one, MK-886 (1H-indole-2- 
propanoic acid, 1-((4-chlorophenyl)methyl)-3-((1,1- 
dimethylethyl)thio)-alpha, alpha-dimethyl-5-(1- 
methylethyl)-), quiflapon (1H-indole-2-propanoic acid, 
1-((4-chlorophenyl)methyl)-3-((1,1-dimethylethyl)thio)-al 
pha, alpha-dimethyl-5-(2-quinolinylmethoxy)-), quiflapon 
(1H-Indole-2-propanoic acid, 1-((4-chlorophenyl)methyl)- 
3-((1,1-dimethylethyl)thio)-alpha, alpha-dimethyl-5-(2- 
quinolinylmethoxy)-), docebenone (2,5-cyclohexadiene-1, 
4-dione, 2-(12-hydroxy-5,10-dodecadiynyl)-3,5,6- 
trimethyl-), zileuton (urea, N-(1-benzo(b)thien-2-ylethyl)- 
N-hydroxy-), or an analogue or derivative thereof). 
0180 3. Chemokine Receptor Antagonists CCR (1, 3, 
and 5) 
0181. In another embodiment, the pharmacologically 
active compound is a chemokine receptor antagonist which 
inhibits one or more subtypes of CCR (1, 3, and 5) (e.g., 
ONO-4128 (14.9-triazaspiro(5.5)undecane-2,5-dione, 
1-butyl-3-(cyclohexylmethyl)-9-((2,3-dihydro-1,4-benzo 
dioxin-6-yl)methyl-), L-381, CT-112 (L-arginine, L-threo 
nyl-L-threonyl-L-seryl-L-glutaminyl-L-Valyl-L-arginyl-L- 
prolyl-), AS-900004, SCH-C, ZK-811752, PD-172084, 
UK-427857, SB-380732, vMIP II, SB-265610, DPC-168, 
TAK-779 (N,N-dimethyl-N-(4-(2-(4-methylphenyl)-6,7-di 
hydro-5H-benzocyclohepten-8-ylcarboxamido)benyl)tet 
rahydro-2H-pyran-4-aminium chloride), TAK-220, KRH 
1120), GSK766994, SSR-150106, or an analogue or 
derivative thereof). Other examples of chemokine receptor 
antagonists include a-Immunokine-NNS03, BX-471, CCX 
282, Sch-350634; Sch-351125; Sch-417690; SCH-C, and 
analogues and derivatives thereof. 
0182 4. Cell Cycle Inhibitors 
0183 In another embodiment, the pharmacologically 
active compound is a cell cycle inhibitor. Representative 
examples of Such agents include taxanes (e.g., paclitaxel 
(discussed in more detail below) and docetaxel) (Schiff et 
al., Nature 277: 665-667, 1979; Long and Fairchild, Cancer 
Research 54: 4355-4361, 1994; Ringel and Horwitz, J. Natl 
Cancer Inst. 83 (4): 288-291, 1991; Pazdur et al., Cancer 
Treat. Rev. 19 (40): 351-386, 1993), etanidazole, nimorazole 
(B.A. Chabner and D. L. Longo. Cancer Chemotherapy and 
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Biotherapy-Principles and Practice. Lippincoft-Raven 
Publishers, New York, 1996, p. 554), perfluorochemicals 
with hyperbaric oxygen, transfusion, erythropoietin, 
BW12C, nicotinamide, hydralazine, BSO, WR-2721, ludR, 
DUdR, etanidazole, WR-2721, BSO, mono-Substituted 
keto-aldehyde compounds (L. G. Egyud. Keto-aldehyde 
amine addition products and method of making Same. U.S. 
Pat. No. 4,066,650, Jan. 3, 1978), nitroimidazole (K. C. 
Agrawal and M. Sakaguchi. Nitroimidazole radioSensitizers 
for Hypoxic tumor cells and compositions thereof. U.S. Pat. 
No. 4,462.992, Jul. 31, 1984), 5-substituted-4-nitroimida 
Zoles (Adams et al., Int. J. Radiat. Biol. Relat. Stud. Phys., 
Chem. Med. 40 (2): 153-61, 1981), SR-2508 (Brown et al., 
Int. J. Radiat. Oncol., Biol. Phys. 7 (6): 695-703, 1981), 
2H-isoindolediones (J. A. Myers, 2H-Isoindolediones, the 
synthesis and use as radiosensitizers. U.S. Pat. No. 4,494, 
547, Jan. 22, 1985), chiral (((2-bromoethyl)-amino)methyl)- 
nitro-1H-imidazole-1-ethanol (V. G. Beylin, et al., Process 
for preparing chiral (((2-bromoethyl)-amino)methyl)nitro 
1H-imidazole-1-ethanol and related compounds. U.S. Pat. 
No. 5,543,527, Aug. 6, 1996; U.S. Pat. No. 4,797.397; Jan. 
10, 1989; U.S. Pat. No. 5,342.959, Aug. 30, 1994), nitroa 
niline derivatives (W. A. Denny, et al. Nitroaniline deriva 
tives and the use as anti-tumor agents. U.S. Pat. No. 5,571, 
845, Nov. 5, 1996), DNA-affinic hypoxia selective 
cytotoxins (M. V. Papadopoulou-Rosenzweig. DNA-affinic 
hypoxia selective cytotoxins. U.S. Pat. No. 5,602,142, Feb. 
11, 1997), halogenated DNA ligand (R. F. Martin. Haloge 
nated DNA ligand radiosensitizers for cancer therapy. U.S. 
Pat. No. 5,641,764, Jun. 24, 1997), 1.2.4 benzotriazine 
oxides (W. W. Lee et al. 1,2,4-benzotriazine oxides as 
radioSensitizers and Selective cytotoxic agents. U.S. Pat. No. 
5,616,584, Apr. 1, 1997; U.S. Pat. No. 5,624,925, Apr. 29, 
1997; Process for Preparing 1,2,4-Benzotriazine oxides. U.S. 
Pat. No. 5,175,287, Dec. 29, 1992), nitric oxide (J. B. 
Mitchell et al., Use of Nitric oxide releasing compounds as 
hypoxic cell radiation sensitizers. U.S. Pat. No. 5,650,442, 
Jul. 22, 1997), 2-nitroimidazole derivatives (M. J. Suto et al. 
2-Nitroimidazole derivatives useful as radiosensitizers for 
hypoxic tumor cells. U.S. Pat. No. 4,797.397, Jan. 10, 1989; 
T. Suzuki. 2-Nitroimidazole derivative, production thereof, 
and radioSensitizer containing the same as active ingredient. 
U.S. Pat. No. 5,270,330, Dec. 14, 1993; T. Suzuki et al. 
2-Nitroimidazole derivative, production thereof, and radi 
oSensitizer containing the Same as active ingredient. U.S. 
Pat. No. 5,270,330, Dec. 14, 1993; T. Suzuki. 2-Nitroimi 
dazole derivative, production thereof and radioSensitizer 
containing the same as active ingredient; Patent EP 0513 
351 B1, Jan. 24, 1991), fluorine-containing nitroazole 
derivatives (T. Kagiya. Fluorine-containing nitroazole 
derivatives and radioSensitizer comprising the Same. U.S. 
Pat. No. 4,927,941, May 22, 1990), copper (M. J. Abrams. 
Copper Radiosensitizers. U.S. Pat. No. 5,100,885, Mar. 31, 
1992), combination modality cancer therapy (D. H. Picker et 
al. Combination modality cancer therapy. U.S. Pat. No. 
4,681,091, Jul. 21, 1987). 5-CldC or (d)HU or 5-halo-2'- 
halo-2'-deoxy-cytidine or -uridine derivatives (S. B. Greer. 
Method and Materials for Sensitizing neoplastic tissue to 
radiation. U.S. Pat. No. 4,894,364 Jan. 16, 1990), platinum 
complexes (K. A. Skov. Platinum Complexes with one 
radiosensitizing ligand. U.S. Pat. No. 4,921,963. May 1, 
1990; K. A. Skov. Platinum Complexes with one radiosen 
sitizing ligand. Patent EP 0287317 A3), fluorine-containing 
nitroazole (T. Kagiya, et al. Fluorine-containing nitroazole 
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derivatives and radioSensitizer comprising the Same. U.S. 
Pat. No. 4,927,941. May 22, 1990), benzamide (W. W. Lee. 
Substituted Benzamide Radiosensitizers. U.S. Pat. No. 
5,032,617, Jul. 16, 1991), autobiotics (L. G. Egyud. Auto 
biotics and the use in eliminating nonself cells in Vivo. U.S. 
Pat. No. 5,147,652. Sep. 15, 1992), benzamide and nicoti 
namide (W. W. Lee et al. Benzamide and Nictoinamide 
Radiosensitizers. U.S. Pat. No. 5,215,738, Jun. 1, 1993), 
acridine-intercalator (M. Papadopoulou-Rosenzweig. Acri 
dine Intercalator based hypoxia Selective cytotoxins. U.S. 
Pat. No. 5,294,715, Mar. 15, 1994), fluorine-containing 
nitroimidazole (T. Kagiya et al. Fluorine containing 
nitroimidazole compounds. U.S. Pat. No. 5,304,654, Apr. 
19, 1994), hydroxylated texaphyrins (J. L. Sessler et al. 
Hydroxylated texaphrins. U.S. Pat. No. 5,457,183, Oct. 10, 
1995), hydroxylated compound derivative (T. Suzuki et al. 
Heterocyclic compound derivative, production thereof and 
radioSensitizer and antiviral agent containing Said derivative 
as active ingredient. Publication Number 011106775 A 
(Japan), Oct. 22, 1987; T. Suzuki et al. Heterocyclic com 
pound derivative, production thereof and radioSensitizer, 
antiviral agent and anti cancer agent containing Said deriva 
tive as active ingredient. Publication Number 01139596 A 
(Japan), Nov. 25, 1987; S. Sakaguchi et al. Heterocyclic 
compound derivative, its production and radioSensitizer 
containing Said derivative as active ingredient; Publication 
Number 63170375 A (Japan), Jan. 7, 1987), fluorine con 
taining 3-nitro-1,2,4-triazole (T. Kagitani et al. Novel fluo 
rine-containing 3-nitro-1,2,4-triazole and radioSensitizer 
containing same compound. Publication Number 02076861 
A (Japan), Mar. 31, 1988), 5-thiotretrazole derivative or its 
salt (E. Kano et al. Radiosensitizer for Hypoxic cell. Pub 
lication Number 61010511 A (Japan), Jun. 26, 1984), 
Nitrothiazole (T. Kagitani et al. Radiation-sensitizing agent. 
Publication Number 61167616 A (Japan) Jan. 22, 1985), 
imidazole derivatives (S. Inayma et al. Imidazole derivative. 
Publication Number 6203767 A (Japan) Aug. 1, 1985; 
Publication Number 62030768 A (Japan) Aug. 1, 1985; 
Publication Number 62030777 A (Japan) Aug. 1, 1985), 
4-nitro-1,2,3-triazole (T. Kagitani et al. Radiosensitizer. 
Publication Number 620395.25 A (Japan), Aug. 15, 1985), 
3-nitro-1,2,4-triazole (T. Kagitani et al. Radiosensitizer. 
Publication Number 62138427 A (Japan), Dec. 12, 1985), 
Carcinostatic action regulator (H. Amagase. Carcinostatic 
action regulator. Publication Number 63099017 A (Japan), 
Nov. 21, 1986),4,5-dinitroimidazole derivative (S. Inayama. 
4,5-Dinitroimidazole derivative. Publication Number 
63310873 A (Japan) Jun. 9, 1987), nitrotriazole Compound 
(T. Kagitanil Nitrotriazole Compound. Publication Number 
07149737 A (Japan) Jun. 22, 1993), cisplatin, doxorubin, 
misonidazole, mitomycin, tiripaZamine, nitroSourea, mer 
captopurine, methotrexate, flurouracil, bleomycin, Vincris 
tine, carboplatin, epirubicin, doxorubicin, cyclophospha 
mide, Vindesine, etoposide (I. F. Tannock. Review Article: 
Treatment of Cancer with Radiation and Drugs. Journal of 
Clinical Oncology 14 (12): 3156-3174, 1996), camptothecin 
(Ewend M. G. et al. Local delivery of chemotherapy and 
concurrent external beam radiotherapy prolongs Survival in 
metastatic brain tumor models. Cancer Research 56 (22): 
5217-5223, 1996) and paclitaxel (Tishler R. B. et al. Taxol: 
a novel radiation Sensitizer. International Journal of Radia 
tion Oncology and Biological Physics 22 (3): 613-617, 
1992). 
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0184. A number of the above-mentioned cell cycle inhibi 
tors also have a wide variety of analogues and derivatives, 
including, but not limited to, cisplatin, cyclophosphamide, 
misonidazole, tiripaZamine, nitroSourea, mercaptopurine, 
methotrexate, flurouracil, epirubicin, doxorubicin, Vindesline 
and etoposide. Analogues and derivatives include 
(CPA)Pt(DOLYM) and (DACH)Pt(DOLYM) cisplatin 
(Choi et al., Arch. Pharmacal Res. 22 (2): 151-156, 1999), 
Cis-(PtCl(4.7-H-5-methyl-7-oxo)1,2,4(triazolo(1.5-a)pyri 
midine)) (Navarro et al., J. Med. Chem. 41 (3): 332-338, 
1998), (Pt(cis-1,4-DACH)(trans-Cla)(CBDCA)).%MeOH 
cisplatin (Shamsuddin et al., Inorg. Chem. 36 (25): 5969 
5971, 1997), 4-pyridoxate diammine hydroxy platinum 
(Tokunaga et al., Pharm. Sci. 3 (7): 353–356, 1997), Pt(II)... 
Pt(II) (Pt(NHCHN(C(CH2)(CH)))) (Navarro et al., Inorg. 
Chem. 35 (26): 7829-7835, 1996), 254-S cisplatin analogue 
(Koga et al., Neurol. Res. 18 (3): 244-247, 1996), o-phe 
nylenediamine ligand bearing cisplatin analogues (Koeck 
erbauer & Bednarski, J. Inorg. Biochem. 62 (4): 281-298, 
1996), trans,cis-(Pt(OAc). I(en)) (Kratochwil et al., J. Med. 
Chem. 39 (13): 2499-2507, 1996), estrogenic 1,2-diaryleth 
ylenediamine ligand (with Sulfur-containing amino acids 
and glutathione) bearing cisplatin analogues (Bednarski, J. 
Inorg. Biochem. 62(1): 75, 1996), cis-1,4-diaminocyclohex 
ane cisplatin analogues (Shamsuddin et al., J. Inorg. Bio 
chem. 61 (4): 291-301, 1996), 5' orientational isomer of 
cis-(Pt(NH)(4-aminoTEMP-O){d(GpG)}) (Dunham & 
Lippard, J. Am. Chem. Soc. 117 (43): 10702-12, 1995), 
chelating diamine-bearing cisplatin analogues (Koecker 
bauer & Bednarski, J. Pharm. Sci. 84 (7): 819-23, 1995), 
1,2-diarylethyleneamine ligand-bearing cisplatin analogues 
(Otto et al., J. Cancer Res. Clin. Oncol. 121 (1): 31-8, 1995), 
(ethylenediamine)platinum(II) complexes (Pasini et al., J. 
Chem. Soc., Dalton Trans. 4: 579-85, 1995), CI-973 cispl 
atin analogue (Yang et al., Int. J. Oncol. 5 (3): 597-602, 
1994), cis-diamminedichloroplatinum(II) and its analogues 
cis-1,1-cyclobutanedicarbosylato(2R)-2-methyl-1,4-butane 
diammineplatinum(II) and cis-diammine(glycolato)plati 
num (Claycamp & Zimbrick, J. Inorg. Biochem., 26 (4): 
257-67, 1986; Fan et al., Cancer Res. 48 (11): 3135-9, 1988; 
Heiger-Bernays et al., Biochemistry 29 (36): 8461-6, 1990; 
Kikkawa et al., J. Exp. Clin. Cancer Res. 12 (4): 233-40, 
1993; Murray et al., Biochemistry 31(47): 11812-17, 1992; 
Takahashi et al., Cancer Chemother. Pharmacol. 33 (1): 
31-5, 1993), cis-amine-cyclohexylamine-dichloroplatinu 
m(II) (Yoshida et al., Biochem. Pharmacol. 48 (4): 793-9, 
1994), gem-diphosphonate cisplatin analogues (FR 
2683529), (meso-1,2-bis(2,6-dichloro-4-hydroxyplenyl)eth 
ylenediamine) dichloroplatinum(II) (Bednarski et al., J. 
Med. Chem. 35 (23): 4479-85, 1992), cisplatin analogues 
containing a tethered dansyl group (Hartwig et al., J. Am. 
Chem. Soc. 114 (21): 8292-3, 1992), platinum(II) 
polyamines (Siegmann et al., Inorg. Met.-Containing Polym. 
Mater., (Proc. Am. Chem. Soc. Int. Symp.), 335-61, 1990), 
cis-(3H)dichloro(ethylenediamine)platinum(II) (Eastman, 
Anal. Biochem. 197 (2): 311-15, 1991), trans-diam 
minedichloroplatinum(II) and cis-(Pt(NH)-(N-cytosi 
ne)Cl) (Bellon & Lippard, Biophys. Chem. 35 (2-3): 179-88, 
1990), 3H-cis-1,2-diaminocyclohexanedichloroplatinum(II) 
and 3H-cis-1,2-diaminocyclohexanemalonatoplatinum(II) 
(Oswald et al., Res. Commun. Chem. Pathol. Pharmacol. 64 
(1): 51-58, 1989), diaminocarboxylatoplatinum (EPA 
296321), trans-(D,1)-1,2-diaminocyclohexane carrier 
ligand-bearing platinum analogues (Wyrick & Chaney, J. 
Labelled Compa. Radiopharm. 25(4): 349-57, 1988), ami 
noalkylaminoanthraquinone-derived cisplatin analogues 
(Kitov et al., Eur: J. Med. Chem. 23 (4): 381-3, 1988), 
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Spiroplatin, carboplatin, iproplatin and JM40 platinum ana 
logues (Schroyen et al., Eur: J. Cancer Clin. Oncol. 24 (8): 
1309-12, 1988), bidentate tertiary diamine-containing cis 
platinum derivatives (Orbell et al., Inorg. Chim. Acta 152 
(2): 125-34, 1988), platinum(II), platinum(IV) (Liu & Wang, 
Shandong Yike Daxue Xuebao 24 (1): 35-41, 1986), cis 
diammine(1,1-cyclobutanedicarboxylato-)platinum(II) (car 
boplatin, JM8) and ethylenediamminemalonatoplatinum(II) 
(JM40) (Begg et al., Radiother. Oncol. 9 (2): 157-65, 1987), 
JM8 and JM9 cisplatin analogues (Harstrick et al., Int. J. 
Androl. 10 (1); 139-45, 1987), (NPr4)2(PtCL4).cis-(PtCl2 
(NH2Me)2)) (Brammer et al., J. Chem. Soc., Chem. Com 
mun. 6: 443-5, 1987), aliphatic tricarboxylic acid platinum 
complexes (EPA 185225), cis-dichloro(amino acid)(tert-bu 
tylamine)platinum(II) complexes (Pasini & Bersanetti, 
Inorg. Chim. Acta 107 (4): 259-67, 1985), 4-hydroperoxy 
cylcophosphamide (Ballard et al., Cancer Chemother. Phar 
macol. 26 (6): 397-402, 1990), acyclouridine cyclophospha 
mide derivatives (Zakerinia et al., Helv. Chim. Acta 73 (4): 
912-15, 1990), 1,3,2-dioxa- and -oxazaphosphorinane 
cyclophosphamide analogues (Yang et al., Tetrahedron 44 
(20): 6305-14, 1988), C5-substituted cyclophosphamide 
analogues (Spada, University of Rhode Island Dissertation, 
1987), tetrahydrooxazine cyclophosphamide analogues 
(Valente, University of Rochester Dissertation, 1988), phe 
nyl ketone cyclophosphamide analogues (Hales et al., Tera 
tology 39 (1): 31-7, 1989), phenylketophosphamide cyclo 
phosphamide analogues (Ludeman et al., J. Med. Chem. 29 
(5): 716-27, 1986), ASTA Z-7557 cyclophosphamide ana 
logues (Evans et al., Int. J. Cancer 34 (6): 883-90, 1984), 
3-(1-oxy-2,2,6,6-tetramethyl-4-piperidinyl)cyclophospha 
mide (Tsui et al., J. Med. Chem. 25 (9): 1106-10, 1982), 
2-oxobis(2-3-chloroethylamino)-4-,6-dimethyl-1,3,2-ox 
aZaphosphorinane cyclophosphamide (Carpenter et al., 
Phosphorus Sulfur 12 (3): 287-93, 1982), 5-fluoro- and 
5-chlorocyclophosphamide (Foster et al., J. Med. Chem. 24 
(12): 1399-403, 1981), cis- and trans-4-phenylcyclophos 
phamide (Boyd et al., J. Med. Chem. 23 (4): 372-5, 1980), 
5-bromocyclophosphamide, 3,5-dehydrocyclophosphamide 
(Ludeman et al., J. Med. Chem. 22 (2): 151-8, 1979), 
4-ethoxycarbonyl cyclophosphamide analogues (Foster, J. 
Pharm. Sci. 67 (5): 709-10, 1978), arylaminotetrahydro-2H 
1,3,2-oxazaphosphorine 2-oxide cyclophosphamide ana 
logues (Hamacher, Arch. Pharm. (Weinheim, Ger) 310 (5): 
J, 428-34, 1977), NSC-26271 cyclophosphamide analogues 
(Montgomery & Struck, Cancer Treat Rep. 60 (4): J381-93, 
1976), benzo annulated cyclophosphamide analogues 
(Ludeman & Zon, J. Med. Chem. 18(12): J1251-3, 1975), 
6-trifluoromethylcyclophosphamide (Farmer & Cox, J. 
Med. Chem. 18 (11): J1106-10, 1975), 4-methylcyclophos 
phamide and 6-methycyclophosphamide analogues (Cox et 
al., Biochem. Pharmacol. 24 (5): J599–606, 1975); FCE 
23762 doxorubicin derivative (Quaglia et al., J. Liq. Chro 
matogr. 17 (18): 3911-3923, 1994), annamycin (Zou et al., 
J. Pharm. Sci. 82 (11): 1151-1154, 1993), ruboxyl (Rapoport 
et al., J. Controlled Release 58 (2): 153-162, 1999), anthra 
cycline disaccharide doxorubicin analogue (Pratesi et al., 
Clin. Cancer Res. 4 (11): 2833–2839, 1998), N-(trifluoro 
acetyl)doxorubicin and 4'-O-acetyl-N-(trifluoroacetyl)doxo 
rubicin (Berube & Lepage, Synth. Commun. 28 (6): 1109 
1116, 1998), 2-pyrrolinodoxorubicin (Nagy et al., Proc. 
Nat'l Acad. Sci. U.S.A. 95 (4): 1794-1799, 1998), disaccha 
ride doxorubicin analogues (Arcamone et al., J. Nat Cancer 
Inst. 89 (16): 1217-1223, 1997), 4-demethoxy-7-O-(2,6- 
dideoxy-4-O-(2,3,6-trideoxy-3-amino-O-L-lyxo-hexopyra 
nosyl)-O-L-lyxo-hexopyranosyl)-adriamicinone doxorubi 
cin disaccharide analogue (Monteagudo et al., Carbohydr. 
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Res. 300 (1): 11-16, 1997), 2-pyrrolinodoxorubicin (Nagy et 
al., Proc. Nat'l Acad. Sci. U.S.A. 94 (2): 652-656, 1997), 
morpholinyl doxorubicin analogues (Duran et al., Cancer 
Chemother. Pharmacol. 38 (3): 210-216, 1996), enami 
nomalonyl-O-alanine doxorubicin derivatives (Seitz et al., 
Tetrahedron Lett. 36 (9): 1413-16, 1995), cephalosporin 
doxorubicin derivatives (Virudhula et al., J. Med Chem. 38 
(8): 1380-5, 1995), hydroxyrubicin (Solary et al., Int J. 
Cancer 58 (1): 85-94, 1994), methoxymorpholino doxoru 
bicin derivative (Kuhl et al., Cancer Chemother: Pharmacol. 
33 (1): 10-16, 1993), (6-maleimidocaproyl)hydrazone doxo 
rubicin derivative (Willner et al., Bioconjugate Chem. 4 (6): 
521-7, 1993), N-(5,5-diacetoxypent-1-yl) doxorubicin 
(Cherif & Farquhar, J. Med. Chem. 35 (17): 3208-14, 1992), 
FCE 23762 methoxymorpholinyl doxorubicin derivative 
(Ripamonti et al., Br. J. Cancer 65 (5): 703-7, 1992), 
N-hydroxysuccinimide ester doxorubicin derivatives 
(Demant et al., Biochim. Biophys. Acta 1118 (1): 83-90, 
1991), polydeoxynucleotide doxorubicin derivatives (Rug 
giero et al., Biochim. Biophys. Acta 1129 (3): 294-302, 
1991), morpholinyl doxorubicin derivatives (EPA434960), 
mitoxantrone doxorubicin analogue (Krapcho et al., J. Med. 
Chem. 34 (8): 2373-80. 1991), AD 198 doxorubicin analogue 
(Traganos et al., Cancer ReS. 51 (14): 3682-9, 1991), 
4-demethoxy-3'-N-trifluoroacetylidoxorubicin (Horton et al., 
Drug Des. Delivery 6 (2): 123-9, 1990), 4'-epidoxorubicin 
(Drzewoski et al., Pol. J. Pharmacol. Pharm. 40(2): 159-65, 
1988; Weenen et al., Eur, J. Cancer Clin. Oncol. 20 (7): 
919-26, 1984), alkylating cyanomorpholino doxorubicin 
derivative (Scudder et al., J. Nat'l Cancer Inst. 80 (16): 
1294–8, 1988), deoxydihydroiodooxorubicin (EPA 275966), 
adriblastin (Kalishevskaya et al., Vestn. Mosk. Univ., 16 
(Biol. 1): 21-7, 1988),4'-deoxydoxorubicin (Schoelzel et al., 
Leuk. Res. 10 (12): 1455-9, 1986), 4-demethyoxy-4'-o- 
methyldoxorubicin (Giuliani et al., Proc. Int. Congr. 
Chemother. 16: 285-70-285-77, 1983), 3'-deamino-3'-hy 
droxydoxorubicin (Horton et al., J. Antibiot. 37 (8): 853-8, 
1984), 4-demethyoxy doxorubicin analogues (Barbieri et al., 
Drugs Exp. Clin. Res. 10 (2): 85-90, 1984), N-L-leucyl 
doxorubicin derivatives (Trouet et al., Anthracyclines (Proc. 
Int. Symp. Tumor Pharmacother.), 179-81, 1983), 
3'-deamino-3'-(4-methoxy-1-piperidinyl) doxorubicin 
derivatives (U.S. Pat. No. 4,314,054), 3'-deamino-3'-(4- 
mortholinyl) doxorubicin derivatives (U.S. Pat. No. 4,301, 
277), 4'-deoxydoxorubicin and 4'-methyldoxorubicin 
(Giuliani et al., Int. J. Cancer 27(1): 5-13, 1981), aglycone 
doxorubicin derivatives (Chan & Watson, J. Pharm. Sci. 67 
(12): 1748-52, 1978), SM 5887 (Pharma Japan 1468: 20, 
1995), MX-2 (Pharma Japan 1420: 19, 1994), 4'-deoxy 
13(S)-dihydro-4'-iododoxorubicin (EP 275966), morpholi 
nyl doxorubicin derivatives (EPA 434960), 3'-deamino-3'- 
(4-methoxy-1-piperidinyl) doxorubicin derivatives (U.S. 
Pat. No. 4,314,054), doxorubicin-14-valerate, morpholino 
doxorubicin (U.S. Pat. No. 5,004,606), 3'-deamino-3'-(3"- 
cyano-4"-morpholinyl doxorubicin; 3'-deamino-3'-(3"-cy 
ano-4"-morpholinyl)-13-dihydoxorubicin; (3'-deamino-3'- 
(3"-cyano-4"-morpholinyl) daunorubicin; 3'-deamino-3'- 
(3"-cyano-4"-morpholinyl)-3-dihydrodaunorubicin; and 
3'-deamino-3'-(4"-morpholinyl-5-iminodoxorubicin and 
derivatives (U.S. Pat. No. 4,585,859), 3'-deamino-3'-(4- 
methoxy-1-piperidinyl) doxorubicin derivatives (U.S. Pat. 
No. 4,314,054) and 3-deamino-3-(4-morpholinyl) doxoru 
bicin derivatives (U.S. Pat. No. 4,301.277); 4,5-dimethylmi 
sonidazole (Born et al., Biochem. Pharmacol. 43 (6): 1337 
44, 1992), azo and azoxy misonidazole derivatives 
(Gattavecchia & Tonelli, Int. J. Radiat. Biol. Relat. Stud. 
Phys, Chem. Med. 45 (5): 469-77, 1984); RB90740 (Ward 
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man et al., Br. J. Cancer, 74 Suppl. (27): S70-S74, 1996); 
6-bromo and 6-chloro-2,3-dihydro-1,4-benzothiazines 
nitrosourea derivatives (Rai et al., Heterocycl. Commun. 2 
(6): 587-592, 1996), diamino acid nitrosourea derivatives 
(Dulude et al., Bioorg. Med. Chem. Lett. 4 (22): 2697-700, 
1994; Dulude et al., Bioorg. Med. Chem. 3 (2): 151-60, 
1995), amino acid nitrosourea derivatives (Zheleva et al., 
Pharmazie 50 (1): 25-6, 1995), 3',4'-didemethoxy-3',4'-di 
OXO-4-deoxypodophyllotoxin nitroSourea derivatives (Miya 
hara et al., Heterocycles 39 (1): 361-9, 1994), ACNU 
(Matsunaga et al., Immunopharmacology 23 (3): 199-204, 
1992), tertiary phosphine oxide nitrosourea derivatives 
(Guguva et al., Pharmazie 46(8): 603, 1991), Sulfamerizine 
and Sulfamethizole nitroSourea derivatives (Chiang et al., 
Zhonghua Yaozue Zazhi 43 (5): 401-6, 1991), thymidine 
nitroSourea analogues (Zhang et al., Cancer Commun. 3 (4): 
119-26, 1991), 1,3-bis(2-chloroethyl)-1-nitrosourea (August 
et al., Cancer ReS. 51 (6): 1586-90, 1991), 2.2,6,6-tetram 
ethyl-1-oxopiperidiunium nitrosourea derivatives (U.S.S.R. 
1261253), 2- and 4-deoxy Sugar nitroSourea derivatives 
(U.S. Pat. No. 4,902,791), nitroxyl nitrosourea derivatives 
(U.S.S.R. 1336489), fotemustine (Boutin et al., Eur: J. 
Cancer Clin. Oncol. 25 (9): 1311-16, 1989), pyrimidine(II) 
nitrosourea derivatives (Wei et al., Chung-hua Yao Hsuch 
Tsa Chih 41 (1): 19-26, 1989), CGP 6809 (Schiewecket al., 
Cancer Chemother. Pharmacol. 23 (6): 341-7, 1989), 
B-3839 (Prajda et al., In Vivo 2 (2): 151-4, 1988), 5-halo 
genocytosine nitroSourea derivatives (Chiang & Tseng, Tai 
wan Yao Hsuch Tsa Chih 38 (1): 37-43, 1986), 1-(2-chlo 
roethyl)-3-isobutyl-3-(B-maltosyl)-1-nitrosourea (Fujimoto 
& Ogawa, J. Pharmacobio-Dyn. 10 (7): 341-5, 1987), 
Sulfur-containing nitroSoureas (Tang et al., Yaoxue Xuebao 
21 (7): 502-9, 1986), sucrose, 6-((((2-chloroethyl)ni 
troSoamino-)carbonyl)amino)-6-deoxysucrose (NS-1C) and 
6'-((((2-chloroethyl)nitroSoamino)carbonyl)amino)-6-deox 
ySucrose (NS-1D) nitrosourea derivatives (Tanoh et al., 
Chemotherapy (Tokyo) 33 (11): 969-77, 1985), CNCC, 
RFCNU and chlorozotocin (Mena et al., Chemotherapy 
(Basel) 32 (2): 131-7, 1986), CNUA (Edanami et al., Che 
motherapy (Tokyo) 33 (5): 455-61, 1985), 1-(2-chloroethyl)- 
3-isobutyl-3-(B-maltosyl)-1-nitrosourea (Fujimoto & 
Ogawa, Jpn. J. Cancer Res. (Gann) 76 (7): 651-6, 1985), 
choline-like nitroSoalkylureas (Belyaev et al., Izv. Akad. 
NAUKSSSR, Ser. Khim. 3:553-7, 1985), sucrose nitrosourea 
derivatives (JP84219300), Sulfa drug nitrosourea analogues 
(Chiang et al., Proc. Natl Sci. Counc., Repub. China, Part 
A 8(1): 18-22, 1984), DONU (Asanuma et al., J. Jpn. Soc. 
Cancer Ther. 17 (8): 2035-43, 1982), N,N'-bis (N-(2-chlo 
roethyl)-N-nitrosocarbamoyl)cystamine (CNCC) (Blazsek 
et al., Toxicol. Appl. Pharmacol. 74 (2): 250-7, 1984), 
dimethylnitrosourea (Krutova et al., Izv: Akad. NAUK SSSR, 
Ser: Biol. 3: 439-45, 1984), GANU (Sava & Giraldi, Cancer 
Chemother. Pharmacol. 10 (3): 167-9, 1983), CCNU 
(Capelli et al., Med., Biol, Environ. 11 (1): 111-16, 1983), 
5-aminomethyl-2'-deoxyuridine nitroSourea analogues 
(Shiau, Shih Ta Hsuch Pao (Taipei) 27: 681-9, 1982), 
TA-077 (Fujimoto & Ogawa, Cancer Chemother. Pharma 
col. 9 (3): 134-9, 1982), gentianose nitrosourea derivatives 
(JP82 80396), CNCC, RFCNU, RPCNU AND chlorozoto 
cin (CZT) (Marzin et al., INSERM Symp., 19 (Nitrosoureas 
Cancer Treat.): 165-74, 1981), thiocolchicine nitrosourea 
analogues (George, Shih Ta Hsuch Pao (Taipei) 25: 355-62, 
1980), 2-chloroethyl-nitrosourea (Zeller & Eisenbrand, 
Oncology 38 (1): 39-42, 1981), ACNU, (1-(4-amino-2- 
methyl-5-pyrimidinyl)methyl-3-(2-chloroethyl)-3-ni 
trosourea hydrochloride) (Shibuya et al., Gan To Kagaku 
Ryoho 7 (8): 1393-401, 1980), N-deacetylmethylthiocolchi 
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cine nitrosourea analogues (Lin et al., J. Med. Chem. 23 
(12): 1440-2, 1980), pyridine and piperidine nitrosourea 
derivatives (Crider et al., J. Med. Chem. 23 (8): 848-51, 
1980), methyl-CCNU (Zimber & Perk, Refu. Vet. 35 (1):28, 
1978), phensuzimide nitrosourea derivatives (Crider et al., J. 
Med. Chem. 23 (3): 324-6, 1980), ergoline nitrosourea 
derivatives (Crider et al., J. Med. Chem. 22(1): 32-5, 1979), 
glucopyranose nitrosourea derivatives (JP 7895917), 1-(2- 
chloroethyl)-3-cyclohexyl-1-nitrosourea (Farmer et al., J. 
Med. Chem. 21 (6): 514-20, 1978), 4-(3-(2-chloroethyl)-3- 
nitroSoureid-O)-cis-cyclohexanecarboxylic acid (Drewinko 
et al., Cancer Treat. Rep. 61 (8): J1513-18, 1977), RPCNU 
(ICIG 1163) (Larnicol et al., Biomedicine 26 (3): J176-81, 
1977), IOB-252 (Sorodoc et al., Rev. Roum. Med., Virol. 28 
(1): J55-61, 1977), 1,3-bis(2-chloroethyl)-1-nitrosourea 
(BCNU) (Siebert & Eisenbrand, Mutat. Res. 42 (1): J45-50, 
1977), 1-tetrahydroxycyclopentyl-3-nitroso-3-(2-chloroet 
hyl)-urea (U.S. Pat. No. 4,039,578), d-1-1-(B-chloroethyl)- 
3-(2-oxo-3-hexahydroazepinyl)-1-nitrosourea (U.S. Pat. No. 
3,859,277) and gentianose nitrosourea derivatives (JP 
57080396); 6-S-aminoacyloxymethyl mercaptopurine 
derivatives (Harada et al., Chem. Pharm. Bull. 43 (10): 
793-6, 1995), 6-mercaptopurine (6-MP) (Kashida et al., 
Biol. Pharm. Bull. 18 (11): 1492-7, 1995), 7,8-polymethyl 
eneimidazo-1,3,2-diazaphosphorines (Nilov et al., Men 
deleev Commun. 2: 67, 1995), azathioprine (Chifotides et 
al., J. Inorg. Biochem. 56 (4): 249-64, 1994), methyl-D- 
glucopyranoside mercaptopurine derivatives (Da Silva et al., 
Eur: J. Med. Chem. 29 (2): 149-52, 1994) and s-alkynyl 
mercaptopurine derivatives (Ratsino et al., Khim.-Farm. Zh. 
15 (8): 65-7, 1981); indoline ring and a modified ornithine 
or glutamic acid-bearing methotrexate derivatives (Mat 
suoka et al., Chem. Pharm. Bull. 45 (7): 1146-1150, 1997), 
alkyl-Substituted benzene ring C bearing methotrexate 
derivatives (Matsuoka et al., Chem. Pharm. Bull. 44 (12): 
2287-2293, 1996), benzoxazine or benzothiazine moiety 
bearing methotrexate derivatives (Matsuoka et al., J. Med. 
Chem. 40 (1): 105-111, 1997), 10-deazaminopterin ana 
logues (DeGraw et al., J. Med. Chem. 40 (3): 370-376, 
1997), 5-deazaminopterin and 5,10-dideazaminopterin 
methotrexate analogues (Piper et al., J. Med. Chem. 40 (3): 
377-384, 1997), indoline moiety-bearing methotrexate 
derivatives (Matsuoka et al., Chem. Pharm. Bull. 44 (7): 
1332-1337, 1996), lipophilic amide methotrexate deriva 
tives (Pignatello et al., World Meet. Pharm., Biopharm. 
Pharm. Technol., 563-4, 1995), L-threo-(2S,4S)-4-fluoro 
glutamic acid and DL-3,3-difluoroglutamic acid-containing 
methotrexate analogues (Hart et al., J. Med. Chem. 39 (1): 
56-65, 1996), methotrexate tetrahydroquinazoline analogue 
(Gangjee, et al., J. Heterocycl. Chem. 32 (1): 243-8, 1995), 
N-(C-aminoacyl) methotrexate derivatives (Cheung et al., 
Pteridines 3 (1-2): 101-2, 1992), biotin methotrexate deriva 
tives (Fan et al., Pteridines 3 (1-2): 131-2, 1992), 
D-glutamic acid or D-erythrou, threo-4-fluoroglutamic acid 
methotrexate analogues (McGuire et al., Biochem. Pharma 
col. 42 (12): 2400-3, 1991), By-methano methotrexate ana 
logues (Rosowsky et al., Pteridines 2 (3): 133-9, 1991), 
10-deazaminopterin (10-EDAM) analogue (Braakhuis et al., 
Chem. Biol. Pteridines, Proc. Int. Symp. Pteridines Folic 
Acid Deriv., 1027-30, 1989), Y-tetrazole methotrexate ana 
logue (Kalman et al., Chem. Biol. Pteridines, Proc. Int. 
Symp. Pteridines Folic Acid Deriv., 1154-7, 1989), N-(L-O- 
aminoacyl) methotrexate derivatives (Cheung et al., Hetero 
cycles 28 (2): 751-8, 1989), meta and ortho isomers of 
aminopterin (Rosowsky et al., J. Med. Chem. 32 (12): 2582, 
1989), hydroxymethylmethotrexate (DE 267495), Y-fluo 
romethotrexate (McGuire et al., Cancer Res. 49 (16): 4517 
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25, 1989), polyglutamyl methotrexate derivatives (Kumar et 
al., Cancer Res. 46 (10): 5020-3, 1986), gem-diphosphonate 
methotrexate analogues (WO 88/06158), C- and Y-substi 
tuted methotrexate analogues (TSushima et al., Tetrahedron 
44 (17): 5375-87, 1988), 5-methyl-5-deaza methotrexate 
analogues (U.S. Pat. No. 4.725,687), N8-acyl-NO-(4-amino 
4-deoxypteroyl)-L-ornithine derivatives (Rosowsky et al., J. 
Med. Chem. 31 (7): 1332-7, 1988), 8-deaza methotrexate 
analogues (Kuehl et al., Cancer Res. 48 (6): 1481-8, 1988), 
acivicin methotrexate analogue (Rosowsky et al., J. Med. 
Chem. 30 (8): 1463-9, 1987), polymeric platinol methotr 
exate derivative (Carraher et al., Polym. Sci. Technol. (Ple 
num), 35 (Adv. Biomed. Polym.): 311-24, 1987), methotrex 
ate-Y-dimyristoylphophatidylethanolamine (Kinsky et al., 
Biochim. Biophys. Acta 917 (2): 211-18, 1987), methotrex 
ate polyglutamate analogues (Rosowsky et al., Chem. Biol. 
Pteridines, Pteridines Folid Acid Deriv., Proc. Int. Symp. 
Pteridines Folid Acid Deriv.: Chem., Biol. Clin. Aspects: 
985-8, 1986), poly-y-glutamyl methotrexate derivatives 
(Kisliuk et al., Chem. Biol. Pteridines, Pteridines Folid Acid 
Deriv., Proc. Int. Symp. Pteridines Folid Acid Deriv.: Chem., 
Biol. Clin. Aspects: 989-92, 1986), deoxyuridylate methotr 
exate derivatives (Webber et al., Chem. Biol. Pteridines, 
Pteridines Folid Acid Deriv., Proc. Int. Symp. Pteridines 
Folid Acid Deriv.: Chem., Biol. Clin. Aspects: 659-62, 
1986), iodoacetyl lysine methotrexate analogue (Delcamp et 
al., Chem. Biol. Pteridines, Pteridines Folid Acid Deriv., 
Proc. Int. Symp. Pteridines Folid Acid Deriv.: Chem., Biol. 
Clin. Aspects: 807-9, 1986), 2,..omega.-diaminoalkanoid 
acid-containing methotrexate analogues (McGuire et al., 
Biochem. Pharmacol. 35 (15): 2607-13, 1986), poly 
glutamate methotrexate derivatives (Kamen & Winick, 
Methods Enzymol. 122 (Vitam. Coenzymes, Pt. G): 339-46, 
1986), 5-methyl-5-deaza analogues (Piper et al., J. Med. 
Chem. 29 (6): 1080-7, 1986), quinazoline methotrexate 
analogue (Mastropaolo et al., J. Med. Chem. 29 (1): 155-8, 
1986), pyrazine methotrexate analogue (Lever & Vestal, J. 
Heterocycl. Chem. 22 (1): 5-6, 1985), cysteic acid and 
homocysteic acid methotrexate analogues (U.S. Pat. No. 
4,490,529), Y-tert-butyl methotrexate esters (Rosowsky et 
al., J. Med. Chem. 28 (5): 660-7, 1985), fluorinated meth 
otrexate analogues (Tsushima et al., Heterocycles 23 (1): 
45-9, 1985), folate methotrexate analogue (Trombe, J. Bac 
teriol. 160 (3): 849-53, 1984), phosphonoglutamic acid 
analogues (Sturtz & Guillamot, Eur: J. Med. Chem.-Chim. 
Ther. 19 (3): 267-73, 1984), poly (L-lysine) methotrexate 
conjugates (Rosowsky et al., J. Med. Chem. 27 (7): 888-93, 
1984), dilysine and trilysine methotrexate derivates (Forsch 
& Rosowsky, J. Org. Chem. 49 (7): 1305-9, 1984), 7-hy 
droxymethotrexate (Fabre et al., Cancer Res. 43 (10): 4648 
52, 1983), poly-Y-glutamyl methotrexate analogues (Piper & 
Montgomery, Adv. Exp. Med. Biol., 163 (Folyl Antifolyl 
Polyglutamates): 95-100, 1983), 3',5'-dichloromethotrexate 
(Rosowsky & Yu, J. Med. Chem. 26 (10): 1448-52, 1983), 
diaZOketone and chloromethylketone methotrexate ana 
logues (Gangjee et al., J. Pharm. Sci. 71 (6): 717-19, 1982), 
10-propargylaminopterin and alkyl methotrexate homologs 
(Piper et al., J. Med. Chem. 25 (7): 877-80, 1982), lectin 
derivatives of methotrexate (Lin et al., JNCI 66 (3): 523-8, 
1981), polyglutamate methotrexate derivatives (Galivan, 
Mol. Pharmacol. 17(1): 105-10, 1980), halogentated meth 
otrexate derivatives (Fox, JNCI 58 (4): J955-8, 1977), 
8-alkyl-7,8-dihydro analogues (Chaykovsky et al., J. Med. 
Chem. 20 (10): J1323-7, 1977), 7-methyl methotrexate 
derivatives and dichloromethotrexate (Rosowsky & Chen, J. 
Med. Chem. 17 (12): J1308-11, 1974), lipophilic methotr 
exate derivatives and 3',5'-dichloromethotrexate (Rosowsky, 
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J. Med. Chem. 16 (10): J1190-3, 1973), deaza amethopterin 
analogues (Montgomery et al., Ann. N.Y. Acad. Sci. 186: 
J227-34, 1971), MX068 (Pharma Japan, 1658: 18, 1999) and 
cysteic acid and homocysteic acid methotrexate analogues 
(EPA 0142220); N3-alkylated analogues of 5-fluorouracil 
(Kozai et al., J. Chem. Soc., Perkin Trans. 1 (19): 3145 
3146, 1998), 5-fluorouracil derivatives with 1,4-oxahet 
eroepane moieties (Gomez et al., Tetrahedron 54 (43): 
13295-13312, 1998), 5-fluorouracil and nucleoside ana 
logues (Li, Anticancer Res. 17 (1A): 21-27, 1997), cis- and 
trans-5-fluoro-5,6-dihydro-6-alkoxyuracil (Van der Wilt et 
al., Br. J. Cancer 68 (4): 702-7, 1993), cyclopentane 5-fluo 
rouracil analogues (Hronowski & Szarek, Can. J. Chem. 70 
(4): 1162-9, 1992), A-OT-fluorouracil (Zhang et al., Zong 
guo Yiyao Gongye Zazhi 20 (11): 513-15, 1989), N4-tri 
methoxybenzoyl-5'-deoxy-5-fluorocytidine and 5'-deoxy-5- 
fluorouridine (Miwa et al., Chem. Pharm. Bull. 38 (4): 
998-1003, 1990), 1-hexylcarbamoyl-5-fluorouracil (Hoshi 
et al., J. Pharmacobio-Dun. 3 (9): 478-81, 1980; Maehara et 
al., Chemotherapy (Basel) 34 (6): 484-9, 1988), B-3839 
(Prajda et al., In Vivo 2 (2): 151-4, 1988), uracil-1-(2- 
tetrahydrofuryl)-5-fluorouracil (Anaiet al., Oncology 45(3): 
144-7, 1988), 1-(2'-deoxy-2'-fluoro-B-D-arabinofuranosyl)- 
5-fluorouracil (Suzuko et al., Mol. Pharmacol. 31 (3): 301-6, 
1987), doxifluridine (Matuura et al., Oyo Yakuri 29 (5): 
803-31, 1985), 5'-deoxy-5-fluorouridine (Bollag & Hart 
mann, Eur: J. Cancer 16 (4): 427-32, 1980), 1-acetyl-3-O- 
toluyl-5-fluorouracil (Okada, Hiroshima J. Med. Sci. 28 (1): 
49-66, 1979), 5-fluorouracil-m-formylbenzene-sulfonate (JP 
55059173), N'-(2-furanidyl)-5-fluorouracil (JP 5314.9985) 
and 1-(2-tetrahydrofuryl)-5-fluorouracil (JP 52089680); 
4'-epidoxorubicin (Lanius, Adv. Chemother. Gastrointest. 
Cancer, (Int. Symp.), 159-67, 1984); N-substituted 
deacetylvinblastine amide (Vindesine) Sulfates (Conrad et 
al., J. Med. Chem. 22(4): 391-400, 1979); and Cu(II)-VP-16 
(etoposide) complex (Tawa et al., Bioorg. Med. Chem. 6 (7): 
1003-1008, 1998), pyrrollecarboxamidino-bearing etoposide 
analogues (Jiet al., Bioorg. Med. Chem. Lett. 7 (5): 607-612, 
1997), Y-amino etoposide analogues (Hu, University of 
North Carolina Dissertation, 1992), Y-lactone ring-modified 
arylamino etoposide analogues (Zhou et al., J. Med. Chem. 
37 (2): 287-92, 1994), N-glucosyl etoposide analogue 
(Allevi et al., Tetrahedron Lett. 34 (45): 7313-16, 1993), 
etoposide A-ring analogues (Kadow et al., BioOrg. Med. 
Chem. Lett. 2 (1): 17-22, 1992), 4'-deshydroxy-4'-methyl 
etoposide (Saulnier et al., Bioorg. Med. Chem. Lett. 2 (10): 
1213-18, 1992), pendulum ring etoposide analogues (Sinha 
et al., Eur: J. Cancer 26 (5): 590-3, 1990) and E-ring desoxy 
etoposide analogues (Saulnier et al., J. Med. Chem. 32 (7): 
1418-20, 1989). 
0185. Within one preferred embodiment of the invention, 
the cell cycle inhibitor is paclitaxel, a compound which 
disrupts mitosis (M-phase) by binding to tubulin to form 
abnormal mitotic Spindles or an analogue or derivative 
thereof. Briefly, paclitaxel is a highly derivatized diterpenoid 
(Wani et al., J. Am. Chem. Soc. 93: 2325, 1971) which has 
been obtained from the harvested and dried bark of Taxus 
brevifolia (Pacific Yew) and Taxomyces Andreanae and 
Endophytic Fungus of the Pacific Yew (Stierle et al., Science 
60: 214-216, 1993). “Paclitaxel” (which may be understood 
herein to include formulations, prodrugs, analogues and 
derivatives such as, for example, TAXOL (Bristol Myers 
Squibb, New York, N.Y., TAXOTERE (Aventis Pharmaceu 
ticals, France), docetaxel, 10-desacetyl analogues of pacli 
taxel and 3’N-desbenzoyl-3N-t-butoxy carbonyl analogues 
of paclitaxel) may be readily prepared utilizing techniques 
known to those skilled in the art (See, e.g., Schiff et al., 



US 2005/0169960 A1 

Nature 277: 665-667, 1979; Long and Fairchild, Cancer 
Research 54: 4355-4361, 1994; Ringel and Horwitz, J. Natl 
Cancer Inst. 83 (4): 288-291, 1991; Pazdur et al., Cancer 
Treat. Rev. 19 (4): 351-386, 1993; WO 94/07882; WO 
94/07881; WO 94/07880, WO 94/07876; WO 93/23555; 
WO 93/10076; WO94/00156; WO 93/24476; EP 590267; 
WO 94/20089; U.S. Pat. Nos. 5,294,637; 5,283,253; 5,279, 
949; 5,274,137; 5,202,448; 5,200,534, 5,229,529; 5,254, 
580; 5,412,092; 5,395,850; 5,380,751; 5,350,866; 4,857, 
653; 5,272,171; 5,411,984; 5,248,796; 5,248,796; 5,422, 
364; 5,300,638; 5,294,637; 5,362.831; 5,440,056; 4,814, 
470; 5,278,324; 5,352,805; 5,411,984; 5,059,699; 4,942, 
184; Tetrahedron Letters 35 (52): 9709-9712, 1994; J. Med. 
Chem. 35: 4230-4237, 1992; J. Med. Chem. 34: 992-998, 
1991; J. Natural Prod. 57 (10): 1404-1410, 1994; J. Natural 
Prod. 57 (11): 1580-1583, 1994; J. Am. Chem. Soc. 110: 
6558-6560, 1988), or obtained from a variety of commercial 
Sources, including for example, Sigma Chemical Co., St. 
Louis, Mo. (T7402-from Taxus brevifolia). 
0186 Representative examples of paclitaxel derivatives 
or analogues include 7-deoxy-docetaxol, 7,8-cyclopropatax 
anes, N-Substituted 2-aZetidones, 6,7-epoxy paclitaxels, 6,7- 
modified paclitaxels, 10-desacetoxytaxol, 10-deacetyltaXol 
(from 10-deacetylbaccatin III), phosphonooxy and carbon 
ate derivatives of taxol, taxol 2,7-di(Sodium 1,2-benzene 
dicarboxylate, 10-desacetoxy-11,12-dihydrotaxol-10, 
12(18)-diene derivatives, 10-desacetoxytaxol, Protaxol (2'- 
and/or 7-O-ester derivatives), (2'-and/or 7-O-carbonate 
derivatives), asymmetric Synthesis of taxol Side chain, fluoro 
taxols, 9-deoxotaxane, (13-acetyl-9-deoxobaccatine III, 
9-deoxotaxol, 7-deoxy-9-deoxotaxol, 10-desacetoxy-7- 
deoxy-9-deoxotaXol, Derivatives containing hydrogen or 
acetyl group and a hydroxy and tert-butoxycarbonylamino, 
sulfonated 2'-acryloyltaxol and sulfonated 2'-O-acyl acid 
taxol derivatives, SuccinyltaXol, 2-y-aminobutyryltaXol for 
mate, 2-acetyl taxol, 7-acetyl taxol, 7-glycine carbamate 
taxol. 2'-OH-7-PEG(5000) carbamate taxol, 2-benzoyl and 
2,7-dibenzoyl taxol derivatives, other prodrugs (2'-acetyl 
taxol; 2,7-diacetyltaxol; 2'Succinyltaxol; 2'-(beta-alanyl)- 
taxol); 2'gamma-aminobutyryl taxol formate; ethylene gly 
col derivatives of 2'-succinyltaxol; 2'-glutaryltaxol; 2'-(N.N- 
dimethylglycyl)taxol; 2'-(2-(N.N- 
dimethylamino)propionyl)taxol; 2'orthocarboxybenzoyl 
taxol; 2'aliphatic carboxylic acid derivatives of taxol, Pro 
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drugs {2'(N,N-diethylaminopropionyl)taxol. 2'(N,N-dim 
ethylglycyl)taxol, 7(N,N-dimethylglycyl)taxol, 2,7-di-(N, 
N-dimethylglycyl)taxol, 7(N.N- 
diethylaminopropionyl)taxol, 2,7-di(N.N- 
diethylaminopropionyl)taxol. 2'-(L-glycyl)taxol, 7-(L- 
glycyl)taxol, 2,7-di(L-glycyl)taxol, 2-(L-alanyl)taxol, 
7-(L-alanyl)taxol, 2,7-di(L-alanyl)taxol, 2-(L-leucyl)taxol, 
7-(L-leucyl)taxol, 2,7-di(L-leucyl)taxol. 2'-(L-isoleucyl 
)taxol, 7-(L-isoleucyl)taxol, 2,7-diCL-isoleucyl)taxol, 2-(L- 
valyl)taxol, 7-(L-valyl)taxol, 27-di(L-valyl)taxol. 2'-(L- 
phenylalanyl)taxol, 7-(L-phenylalanyl)taxol, 2,7-di(L- 
phenylalanyl)taxol, 2-(L-prolyl)taxol, 7-(L-prolyl)taxol, 
2,7-di(L-prolyl)taxol. 2'-(L-lysyl)taxol, 7-(L-lysyl)taxol, 
2,7-di(L-lysyl)taxol, 2’-(L-glutamyl)taxol, 7-(L-glutamyl 
)taxol, 2,7-di(L-glutamyl)taxol, 2-(L-arginyl)taxol, 7-(L- 
arginyl)taxol, 2,7-di(L-arginyl)taxol, taxol analogues with 
modified phenylisoserine side chains, TAXOTERE, (N-de 
benzoyl-N-tert-(butoxycaronyl)-10-deacetyltaxol, and tax 
anes (e.g., baccatin III, cephalomannine, 10-deacetylbacca 
tin III, brevifoliol, yunantaXusin and taxusin); and other 
taxane analogues and derivatives, including 14-beta-hy 
droxy-10 deacetybaccatin III, debenzoyl-2-acyl paclitaxel 
derivatives, benzoate paclitaxel derivatives, phosphonooxy 
and carbonate paclitaxel derivatives, Sulfonated 2'-acryloyl 
taxol; Sulfonated 2'-O-acyl acid paclitaxel derivatives, 
18-site-Substituted paclitaxel derivatives, chlorinated pacli 
taxel analogues, C4 methoxy ether paclitaxel derivatives, 
Sulfenamide taxane derivatives, brominated paclitaxel ana 
logues, Girard taxane derivatives, nitrophenyl paclitaxel, 
10-deacetylated Substituted paclitaxel derivatives, 14-beta 
hydroxy-10 deacetylbaccatin III taxane derivatives, C7 tax 
ane derivatives, C10 taxane derivatives, 2-debenzoyl-2-acyl 
taxane derivatives, 2-debenzoyl and -2-acyl paclitaxel 
derivatives, taxane and baccatin III analogues bearing new 
C2 and C4 functional groups, n-acyl paclitaxel analogues, 
10-deacetylbaccatin III and 7-protected-10-deacetylbaccatin 
III derivatives from 10-deacetyl taxol A, 10-deacetyl taxol 
B, and 10-deacetyl taxol, benzoate derivatives of taxol, 
2-aroyl-4-acyl paclitaxel analogues, orthro-ester paclitaxel 
analogues, 2-aroyl-4-acyl paclitaxel analogues and 1-deoxy 
paclitaxel and 1-deoxy paclitaxel analogues. 

0187. In one aspect, the cell cycle inhibitor is a taxane 
having the formula (C1): 

(C1)   
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0188 where the gray-highlighted portions may be sub 
Stituted and the non-highlighted portion is the taxane core. 
A side-chain (labeled “A” in the diagram) is desirably 
present in order for the compound to have good activity as 
a cell cycle inhibitor. Examples of compounds having this 
structure include paclitaxel (Merck Index entry 7117), doc 
etaxol (TAXOTERE, Merck Index entry 3458), and 
3'-desphenyl-3'-(4-ntirophenyl)-N-debenzoyl-N-(t-butoxy 
carbonyl)-10-deacetyltaxol. 

0189 In one aspect, Suitable taxanes such as paclitaxel 
and its analogues and derivatives are disclosed in U.S. Pat. 
No. 5,440,056 as having the structure (C2): 

(C2) 

0190 wherein X may be oxygen (paclitaxel), hydrogen 
(9-deoxy derivatives), thioacyl, or dihydroxyl precursors, R. 
is selected from paclitaxel or TAXOTERE side chains or 
alkanoyl of the formula (C3) 

(C3) 

ORo 

0191 wherein R, is selected from hydrogen, alkyl, phe 
nyl, alkoxy, amino, phenoxy (Substituted or unsubstituted); 
Rs is Selected from hydrogen, alkyl, hydroxyalkyl, alkoxy 
alkyl, aminoalkyl, phenyl (Substituted or unsubstituted), 
alpha or beta-naphthyl, and R is selected from hydrogen, 
alkanoyl, Substituted alkanoyl, and aminoalkanoyl; where 
Substitutions refer to hydroxyl, Sulfhydryl, allalkoxyl, car 
boxyl, halogen, thioalkoxyl, N,N-dimethylamino, alky 
lamino, dialkylamino, nitro, and -OSOH, and/or may 
refer to groups containing Such Substitutions; R is Selected 
from hydrogen or oxygen-containing groups, Such as hydro 
gen, hydroxyl, alkoyl, alkanoyloxy, aminoalkanoyloxy, and 
peptidyalkanoyloxy; R is Selected from hydrogen or oxy 
gen-containing groups, Such as hydrogen, hydroxyl, alkoyl, 
alkanoyloxy, aminoalkanoyloxy, and peptidyalkanoyloxy, 
and may further be a silyl containing group or a Sulphur 
containing group; R is Selected from acyl, alkyl, alkanoyl, 
aminoalkanoyl, peptidylalkanoyl and aroyl; Rs is Selected 
from acyl, alkyl, alkanoyl, aminoalkanoyl, peptidylalkanoyl 
and aroyl; R is Selected from hydrogen or oxygen-contain 
ing groups, Such as hydrogen, hydroxyl alkoyl, alkanoyloxy, 
aminoalkanoyloxy, and peptidyalkanoyloxy. 
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0.192 In one aspect, the paclitaxel analogues and deriva 
tives useful as cell cycle inhibitors are disclosed in PCT 
International Patent Application No. WO 93/10076. As 
disclosed in this publication, the analogue or derivative may 
have a side chain attached to the taxane nucleus at C, as 
shown in the structure below (formula C4), in order to 
confer antitumor activity to the taxane. 

10 9 (C4) 

13 

0193 WO 93/10076 discloses that the taxane nucleus 
may be Substituted at any position with the exception of the 
existing methyl groups. The Substitutions may include, for 
example, hydrogen, alkanoyloxy, alkenoyloxy, aryloyloxy. 
In addition, OXO groups may be attached to carbons labeled 
2, 4, 9, and/or 10. AS well, an oxetane ring may be attached 
at carbons 4 and 5. AS well, an oxirane ring may be attached 
to the carbon labeled 4. 

0194 In one aspect, the taxane-based cell cycle inhibitor 
useful in the present invention is disclosed in U.S. Pat. No. 
5,440,056, which discloses 9-deoxo taxanes. These are 
compounds lacking an OXO group at the carbon labeled 9 in 
the taxane structure shown above (formula C4). The taxane 
ring may be substituted at the carbons labeled 1, 7 and 10 
(independently) with H, OH, O-R, or O-CO-R where R 
is an alkyl or an aminoalkyl. AS well, it may be Substituted 
at carbons labeled 2 and 4 (independently) with aryol, 
alkanoyl, aminoalkanoyl or alkyl groups. The Side chain of 
formula (C3) may be substituted at R, and Rs (indepen 
dently) with phenyl rings, Substituted phenyl rings, linear 
alkaneS/alkenes, and groups containing H, O or N. Ro may 
be substituted with H, or a Substituted or unsubstituted 
alkanoyl group. 

0.195 Taxanes in general, and paclitaxel is particular, is 
considered to function as a cell cycle inhibitor by acting as 
an anti-microtubule agent, and more Specifically as a Stabi 
lizer. These compounds have been shown useful in the 
treatment of proliferative disorders, including: non-Small 
cell (NSC) lung, Small cell lung; breast, prostate; cervical; 
endometrial; head and neck cancers. 

0196) In another aspect, the anti-microtuble agent (micro 
tubule inhibitor) is albendazole (carbamic acid, 5-(propy 
lthio)-1H-benzimidazol-2-yl-, methyl ester), LY-355703 
(1,4-dioxa-8,11-diazacyclohexadec-13-ene-2.5,9,12 
tetrone, 10-(3-chloro-4-methoxyphenyl)methyl-6,6-dim 
ethyl-3-(2-methylpropyl)-16-(1S)-1-(2S,3R)-3-phenylox 
iranylethyl-, (3S,10R,13E,16S)-), Vindesline 
(Vincaleukoblastine, 3-(aminocarbonyl)-04-deacetyl-3- 
de(methoxycarbonyl)-), or WAY-174286. 

0197). In another aspect, the cell cycle inhibitor is a Vinca 
alkaloid. Vinca alkaloids have the following general Struc 
ture. They are indole-dihydroindole dimers. 
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0198 As disclosed in U.S. Pat. Nos. 4,841,045 and 
5,030,620, R can be a formyl or methyl group or alternately 
H. R can also be an alkyl group or an aldehyde-Substituted 
alkyl (e.g., CHCHO). R is typically a CH or NH group. 
However it can be alternately substituted with a lower alkyl 
ester or the ester linking to the dihydroindole core may be 
substituted with C(O)-R where R is NH, an amino acid 
ester or a peptide ester. R is typically C(O)CH, CH or H. 
Alternately, a protein fragment may be linked by a bifunc 
tional group, Such as maleoyl amino acid. R can also be 
substituted to form an alkyl ester which may be further 
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-- dihydroindole 

Substituted. R may be -CH2- or a single bond. Rs and R. 
may be H, OH or a lower alkyl, typically -CHCH 
Alternatively R and R7 may together form an OXetane ring. 
R, may alternately be H. Further substitutions include mol 
ecules wherein methyl groups are Substituted with other 
alkyl groups, and whereby unsaturated rings may be deriva 
tized by the addition of a side group Such as an alkane, 
alkene, alkyne, halogen, ester, amide or amino group. 
0199 Exemplary Vinca alkaloids are vinblastine, Vincris 
tine, Vincristine Sulfate, Vindesline, and Vinorelbine, having 
the Structures: 

Vinbiastine: 
Vincinstine: 
Vindesline: 
Vinorelbine: 

R R R R Rs 

CH CH C(O)CH, OH CH, 
CHO CH C(O)CH, OH CH, 
CH NH, H OH CH, 
CH CH CH, H single bond 

  

  



US 2005/0169960 A1 

0200 Analogues typically require the side group (shaded 
area) in order to have activity. These compounds are thought 
to act as cell cycle inhibitors by functioning as anti-micro 
tubule agents, and more specifically to inhibit polymeriza 
tion. These compounds have been shown useful in treating 
proliferative disorders, including NSC lung, Small cell lung; 
breast, prostate; brain; head and neck; retinoblastoma; blad 
der; and penile cancers, and Soft tissue Sarcoma. 

0201 In another aspect, the cell cycle inhibitor is a 
camptothecin, or an anolog or derivative thereof. Camptoth 
ecins have the following general Structure. 

0202) In this structure, X is typically O, but can be other 
groups, e.g., NH in the case of 21-lactam derivatives. R is 
typically H or OH, but may be other groups, e.g., a termi 
nally hydroxylated C. alkane. R is typically H or an amino 
containing group Such as (CH)NHCH, but may be other 
groups e.g., NO, NH, halogen (as disclosed in, e.g., U.S. 
Pat. No. 5,552,156) or a short alkane containing these 
groups. R is typically H or a short alkyl Such as C.H. R. 
is typically H but may be other groups, e.g., a methylene 
dioxy group with R. 

0203 Exemplary camptothecin compounds include topo 
tecan, irinotecan (CPT-11), 9-aminocamptothecin, 21-lac 
tam-20(S)-camptothecin, 10,11-methylenedioxycamptoth 
ecin, SN-38, 9-nitrocamptothecin, 
10-hydroxycamptothecin. Exemplary compounds have the 
StructureS: 

R R Rs 

Camptothecin: H H H 
Topotecan: OH (CH),NHCH, H 
SN-38: OH H CHs 

X: O for most analogs, NH for 21-lactam analogs 
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0204 Camptothecins have the five rings shown here. The 
ring labeled E must be intact (the lactone rather than 
carboxylate form) for maximum activity and minimum 
toxicity. These compounds are useful to as cell cycle inhibi 
tors, where they can function as topoisomerase I inhibitors 
and/or DNA cleavage agents. They have been shown useful 
in the treatment of proliferative disorders, including, for 
example, NSC lung, Small cell lung, and cervical cancers. 

0205) 
podophyllotoxin, or a derivative or an analogue thereof. 

In another aspect, the cell cycle inhibitor is a 

Exemplary compounds of this type are etoposide or tenipo 
Side, which have the following Structures: 

O 

HO O 

OH 
O 

{ O 
E O 

HCO OCH 

OH 

R 

Etoposide CH, 
Teniposide 

0206. These compounds are thought to function as cell 
cycle inhibitors by being topoisomerase II inhibitors and/or 
by DNA cleaving agents. They have been shown useful as 
antiproliferative agents in, e.g., Small cell lung, prostate, and 
brain cancers, and in retinoblastoma. 

0207 Another example of a DNA topoisomerase inhibi 
tor is lurtotecan dihydrochloride (11H-1,4-dioxino 2,3-g 
pyrano.3',4':6.7indolizino1,2-biquinoline-9,12(8H,14H)- 

8-ethyl-2,3-dihydro-8-hydroxy-15-(4-methyl-1- 
piperazinyl)methyl-, dihydrochloride, (S)-). 
dione, 

0208 
anthracycline. Anthracyclines have the following general 

In another aspect, the cell cycle inhibitor is an 

Structure, where the R groups may be a variety of organic 
groups: 
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0209 According to U.S. Pat. No. 5,594,158, suitable R 
groups are: R is CH or CH-OH, R is daunosamine or H; 
R and R are independently one of OH, NO, NH, F, Cl, 
Br, I, CN, H or groups derived from these; Rs 7 are all H or 
Rs and R are H and R7 and Rs are alkyl or halogen, or Vice 
versa: R, and Rs are H and Rs and R are alkyl or halogen. 

0210. According to U.S. Pat. No. 5,843.903, R may be a 
conjugated peptide. According to U.S. Pat. Nos. 4,215,062 
and 4,296,105, Rs may be OH or an ether linked alkyl group. 
R may also be linked to the anthracycline ring by a group 
other than C(O), Such as an alkyl or branched alkyl group 
having the C(O) linking moiety at its end, Such as 
-CH-CH(CH2-X)C(O)-R, wherein X is H or an alkyl 
group (see, e.g., U.S. Pat. No. 4,215,062). R may alternately 
be a group linked by the functional group =N-NHC(O)- 
Y, where Y is a group Such as a phenyl or Substituted phenyl 
ring. Alternately Rs may have the following structure: 

HC 

0211 in which Ro is OH either in or out of the plane of 
the ring, or is a Second Sugar moiety Such as R. Rio may be 
H or form a Secondary amine with a group Such as an 
aromatic group, Saturated or partially Saturated 5 or 6 
membered heterocyclic having at least one ring nitrogen (See 
U.S. Pat. No. 5,843.903). Alternately, Rio may be derived 
from an amino acid, having the Structure 
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-C(O)CH(NHR)(R), in which R, is H, or forms a C 
membered alkylene with R. R. may be H, alkyl, ami 
noalkyl, amino, hydroxy, mercapto, phenyl, benzyl or meth 
ylthio (see U.S. Pat. No. 4,296,105). 

0212 Exemplary anthracyclines are doxorubicin, dauno 
rubicin, idarubicin, epirubicin, pirarubicin, Zorubicin, and 
carubicin. Suitable compounds have the Structures: 

HC O 

NH2 
R 

R R Rs 

Doxorubicin: OCH CH-OH OH out of ring plane 
Epirubicin: OCH, CHOH OH in ring plane 
(4' a primer 
of doxorubicin) 
Daunorubicin: OCH CH OH out of ring plane 
Idarubicin: H CH OH out of ring plane 
Pirarubicin OCH, OH A. 
Zorubicin OCH =N-NHC(O)CH B 
Carubicin OH CH B 

A: 

OS / (O 
B: 

O / 
CH O 

OH 

NH2 

0213 Other suitable anthracyclines are anthramycin, 
mitoxantrone, menogaril, nogalamycin, aclacinomycin A, 
olivomycin A, chromomycin A, and plicamycin having the 
StructureS: 

OH OH 

N4 21 

Anthramycin 
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-continued 

R R R 

Menoganril H OCH, H 
Nogalamycin O-sugar H COCH, 

Sugar: 

CH 
HC 3 O 

O 
H3CO OCH 

CH 

OH O HN-1- 1--" 

OH O HN OH N-1SN1\-1 
Mitoxantrone 

OR 
CH 
O 

HO 

O 

HO 

R R R R 

Olivomycin A COCH(CH), CH COCH, H 
Chromomycin As COCH, CH COCH, CH 
Plicamycin H H H CH 
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-continued 

6 OH O OH 

HC O 

O N(CH3)2 

HC O 

OH 
O 

HC O 

O 
Aclacinomycin A 

0214. These compounds are thought to function as cell 
cycle inhibitors by being topoisomerase inhibitors and/or by 
DNA cleaving agents. They have been shown useful in the 
treatment of proliferative disorders, including Small cell 
lung, breast, endometrial; head and neck, retinoblastoma; 
liver; bile duct; islet cell; and bladder cancers, and Soft tissue 
SCO. 

0215. In another aspect, the cell cycle inhibitor is a 
platinum compound. In general, Suitable platinum com 
plexes may be of Pt(II) or Pt(IV) and have this basic 
Structure: 

0216 wherein X and Y are anionic leaving groups such 
as Sulfate, phosphate, carboxylate, and halogen; R and R 
are alkyl, amine, amino alkyl any may be further Substituted, 
and are basically inert or bridging groups. For Pt(II) com 
plexes Z and Z are non-existent. For Pt(IV) Z and Z. may 
be anionic groupS. Such as halogen, hydroxy, carboxylate, 
ester, sulfate or phosphate. See, e.g., U.S. Pat. Nos. 4,588, 
831 and 4,250,189. 

0217 Suitable platinum complexes may contain multiple 
Pt atoms. See, e.g., U.S. Pat. Nos. 5,409,915 and 5,380,897. 
For example bisplatinum and triplatinum complexes of the 
type: 

Z1 Z1 
X 2 Sl- Xs -R 

1 PtC 
Y N 1 Y 

Z2 A Z2 
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-continued 

0218 Exemplary platinum compounds are cisplatin, car 
boplatin, oxaliplatin, and miboplatin having the Structures: 

NH 

CI-Pt-NH. 

Cl 

Cisplatin 
NH 

S. 
O 

O 

NH 

O 

Carboplatin 
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-continued 
O 

O. NH2 V / 
/v O. NH' 

O 

Oxaliplatin 

O 

O. NH2 \s 
/"; 1. H 
O HN 

O 

Milboplatin 

0219. These compounds are thought to function as cell 
cycle inhibitors by binding to DNA, i.e., acting as alkylating 
agents of DNA. These compounds have been shown useful 
in the treatment of cell proliferative disorders, including, 
e.g., NSC lung, Small cell lung, breast, cervical; brain; head 
and neck; esophageal, retinoblastom; liver; bile duct, blad 
der; penile, and Vulvar cancers, and Soft tissue Sarcoma. 

0220. In another aspect, the cell cycle inhibitor is a 
nitroSourea. NitroSourease have the following general Struc 
ture (C5), where typical R groups are shown below. 

(C5) 
O 

NH 

N 
so 

0221) R Group: 

1N1 
Carmustine 

HC 

O 

OH 

OH O-CH 

OH 

Ranimustine 

Lomustine 
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-continued 

Fotemustine 

NH2 

N 

2 
N CH 

Nimustine 
OH 

OH 

OH OH 

Chlorozotocin 
OH 

OH 

OH OH 

O 

HC ls 
n NH 

N 
so 

Streptozocin 

0222. Other suitable R groups include cyclic alkanes, 
alkanes, halogen Substituted groups, Sugars, aryl and het 
eroaryl groups, phosphonyl and Sulfonyl groups. AS dis 
closed in U.S. Pat. No. 4,367,239, R may suitably be 
CH-C(X)(Y)(Z), wherein X and Y may be the same or 
different members of the following groups: phenyl, cycly 
hexyl, or a phenyl or cyclohexyl group Substituted with 
groups Such as halogen, lower alkyl (C), trifluore methyl, 
cyano, phenyl, cyclohexyl, lower alkyloxy (C). Z has the 
following Structure: -alkylene-N-RR, where R and R 
may be the same or different members of the following 
group: lower alkyl (C) and benzyl, or together R and R 
may form a Saturated 5 or 6 membered heterocyclic Such as 
pyrrolidine, piperidine, morfoline, thiomorfoline, N-lower 
alkyl piperazine, where the heterocyclic may be optionally 
Substituted with lower alkyl groups. 

0223) As disclosed in U.S. Pat. No. 6,096,923, R and R' 
of formula (C5) may be the same or different, where each 
may be a Substituted or unsubstituted hydrocarbon having 
1-10 carbons. Substitutions may include hydrocarbyl, halo, 
ester, amide, carboxylic acid, ether, thioether and alcohol 
groups. As disclosed in U.S. Pat. No. 4,472.379, R of 
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formula (C5) may be an amide bond and a pyranose struc 
ture (e.g., methyl 2-(N-(N-(2-chloroethyl)-N-nitroso-car 
bamoyl)-glycyl)amino-2'-deoxy-C-D-glucopyranoside). AS 
disclosed in U.S. Pat. No. 4,150,146, R of formula (C5) may 
be an alkyl group of 2 to 6 carbons and may be Substituted 
with an ester, Sulfonyl, or hydroxyl group. It may also be 
substituted with a carboxylic acid or CONH group. 
0224 Exemplary nitrosoureas are BCNU (carmustine), 
methyl-CCNU (semustine), CCNU (lomustine), ranimus 
tine, nimustine, chlorozotocin, fotemustine, and StreptoZo 
cin, having the Structures: 
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0225. These nitrosourea compounds are thought to func 
tion as cell cycle inhibitors by binding to DNA, that is, by 
functioning as DNA alkylating agents. These cell cycle 
inhibitors have been shown useful in treating cell prolifera 
tive disorderS Such as, for example, islet cell; Small cell lung; 
melanoma, and brain cancers. 

0226. In another aspect, the cell cycle inhibitor is a 
nitroimidazole, where exemplary nitroimidazoles are met 
ronidazole, benznidazole, etanidazole, and misonidazole, 
having the Structures: 

Carmustine 

OH 

Ranimustine Lomustine 

1N1 C OH 

O 

OH 

OH OH 

O 

HC ls n 
NH 

N 
so 

N 

2 
N CH 

Nimustine 

Fotemustine 

Chlorozotocin 
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R R Rs 

Metronidazole OH CH, NO, 
Benzinidazole C(O)NHCH-benzyl NO, H 
Etanidazole CONHCHCH-OH NO, H 

0227 Suitable nitroimidazole compounds are disclosed 
in, e.g., U.S. Pat. Nos. 4,371,540 and 4,462,992. 

0228. In another aspect, the cell cycle inhibitor is a folic 
acid antagonist, Such as methotrexate or derivatives or 
analogues thereof, including edatrexate, trimetrexate, ralti 
trexed, piritrexim, denopterin, tomudeX, and pteropterin. 
Methotrexate analogues have the following general Struc 
ture: 

R11 's N Ro 
R5 N 

R4 2 2 N 
R R6 2 

R. R.' R10 

R7 

R 

Methotraxate NH 
Edetrexate NH 
Trimetrexate NH 
Pteropterin NH, 
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0229. The identity of the R group may be selected from 
organic groups, particularly those groups Set forth in U.S. 
Pat. Nos. 5,166,149 and 5,382,582. For example, R may be 
N, R may be N or C(CH), R and R may H or alkyl, e.g., 
CH, R may be a single bond or NR, where R is H or alkyl 
group. Rses may be H, OCH, or alternately they can be 
halogens or hydro groups. R-7 is a Side chain of the general 
Structure: 

NH 

HO 

0230 wherein n=1 for methotrexate, n=3 for pteropterin. 
The carboxyl groups in the side chain may be esterified or 
form a Salt Such as a Zn "salt. Ro and Rio can be NH2 or may 
be alkyl substituted. 

0231 Exemplary folic acid antagonist compounds have 
the Structures: 

R1 N NH2 

R5 n s 
R4 2n 2 N 

R3 

R Ro 

R8 

R. R. R. R. Rs Re R, Rs. 

N N H N(CH.) H. H. A(n = 1) H 

N N H N(CHCH.) H H A(n = 1) H 
N C(CH.) H NH H OCH, OCH, OCH, 
N N H N(CH.) H. H. A(n = 1) H 
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-continued 

R1 N NH2 

R5 n s 
R6 R4 2n 2 N 

R3 

R Ro 
R 

R8 

Ro R R2 R. R. Rs. Rs 

Denopterin OH N N CH, N(CH.) H. H. 
Piritrexim NH, N C(CH.)H single OCH, H. H. 

bond 

A: 

O 

NH 
HO 

O 
O OH 

Hooc1N 

Tomudex 

0232 These compounds are thought to function as cell 
cycle inhibitors by Serving as antimetabolites of folic acid. 
They have been shown useful in the treatment of cell 
proliferative disorders including, for example, Soft tissue 
Sarcoma, Small cell lung, breast, brain, head and neck, 
bladder, and penile cancers. 
0233. In another aspect, the cell cycle inhibitor is a 
cytidine analogue, Such as cytarabine or derivatives or 
analogues thereof, including enocitabine, FMdC ((E(-2'- 
deoxy-2-(fluoromethylene)cytidine), gemcitabine, 5-azac 
itidine, ancitabine, and 6-aZauridine. Exemplary compounds 
have the Structures: 

R1 Y 

l N21 R4 

HO es N 
O 

R 

OH R 

R R Rs R 

Cytarabine H OH H CH 
Enocitabine C(O)(CH)2CH OH H OH 

39 

A(n = 1) 
OCH, 

N -CH3 

--O. -N S N NH 
HOOC NH cy O 

H 

Gemcitabine 
Azacitidine 
FMidC 
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-continued 

R1 Y 
HN 

als 
1.9 O N 

O 
R2 

OH R 

R R Rs R 

H F F OH 
H H OH N 
H CHF H CH 

NH 

HO N 

O 

OH H 
Ancitabine 
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-continued 

R1 Y 
HN 

es. 
to 1.1 

OH R3 

HO 1. -N 

OH OH 
6-AZauridine 

0234. These compounds are thought to function as cell 
cycle inhibitors as acting as antimetabolites of pyrimidine. 
These compounds have been shown useful in the treatment 
of cell proliferative disorders including, for example, pan 
creatic, breast, cervical, NSC lung, and bile duct cancers. 
0235. In another aspect, the cell cycle inhibitor is a 
pyrimidine analogue. In one aspect, the pyrimidine ana 
logues have the general Structure: 

RAO O 

0236 wherein positions 2',3' and 5' on the Sugar ring (R, 
R and Ra, respectively) can be H, hydroxyl, phosphoryl 
(see, e.g., U.S. Pat. No. 4,086,417) or ester (see, e.g., U.S. 
Pat. No. 3,894,000). Esters can be of alkyl, cycloalkyl, aryl 
or heterocyclo/aryl types. The 2" carbon can be hydroxylated 
at either R or R', the other group is H. Alternately, the 2 
carbon can be Substituted with halogens e.g., fluoro or 
difluoro cytidines Such as Gemcytabine. Alternately, the 
Sugar can be Substituted for another heterocyclic group Such 
as a furyl group or for an alkane, an alkyl ether or an amide 
linked alkane such as C(O)NH(CH-)-CH. The 2° amine can 
be substituted with an aliphatic acyl (R) linked with an 
amide (see, e.g., U.S. Pat. No. 3,991,045) or urethane (see, 
e.g., U.S. Pat. No. 3,894,000) bond. It can also be further 
Substituted to form a quaternary ammonium Salt. Rs in the 
pyrimidine ring may be N or CR, where R is H, halogen 
containing groups, or alkyl (see, e.g., U.S. Pat. No. 4,086, 
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417). Re and R7 can together can form an oxo group or 
R=-NH-R, and R7–H. Rs is H or R, and Rs together 
can form a double bond or Rs can be X, where X is: 

CN 
O 21 O O 

0237 Specific pyrimidine analogues are disclosed in U.S. 
Pat. No. 3,894,000 (see, e.g., 2'-O-palmityl-ara-cytidine, 
3'-O-benzoyl-ara-cytidine, and more than 10 other 
examples); U.S. Pat. No. 3,991,045 (see, e.g., N4-acyl-1-B- 
D-arabinofuranosylcytosine, and numerous acyl groups 
derivatives as listed therein, Such as palmitoyl. 
0238. In another aspect, the cell cycle inhibitor is a 
fluoropyrimidine analogue, Such as 5-fluorouracil, or an 
analogue or derivative thereof, including carmofur, doxiflu 
ridine, emitefur, tegafur, and floxuridine. Exemplary com 
pounds have the Structures: 

O 

R2 F n 

es 
R1 

R R 

5-Fluorouracit H H 
Carmofur C(O)NH(CH), CH, H 
Doxifluridine A1 H 
Floxuridine A2 H 
Emitefur CHOCHCH B 
Tegafur H 

A1 
HO 

O 

OH OH 

A2 
HO CH 

O 

OH 
B 

CN 
O 21 O O 

N 
N O N O 

C 

O 
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0239). Other suitable fluoropyrimidine analogues include 
5-FudR (5-fluorodeoxyuridine), or an analogue or derivative 
thereof, including 5-iododeoxyuridine (5-ludR), 5-bromode 
oxyuridine (5-BudR), fluorouridine triphosphate (5-FUTP), 
and fluorodeoxyuridine monophosphate (5-dFUMP). Exem 
plary compounds have the Structures: 

O 

R 
NH 

HO 1s. 
O 

OH 

5-Fluoro-2'-deoxyuridine: R = F 
5-Bromo-2'-deoxyuridine: R = Br 

5-Iodoo-2'-deoxyuridine: R = 

0240 These compounds are thought to function as cell 
cycle inhibitors by Serving as antimetabolites of pyrimidine. 
These compounds have been shown useful in the treatment 
of cell proliferative disorderS Such as breast, cervical, non 
melanoma Skin, head and neck, esophageal, bile duct, pan 
creatic, islet cell, penile, and Vulvar cancers. 

0241. In another aspect, the cell cycle inhibitor is a purine 
analogue. Purine analogues have the following general 
Structure. 

R2 

N2' N CO) 
0242 wherein X is typically carbon; R is H, halogen, 
amine or a Substituted phenyl; R is H, a primary, Secondary 
or tertiary amine, a Sulfur containing group, typically -SH, 
an alkane, a cyclic alkane, a heterocyclic or a Sugar; R is H, 
a Sugar (typically a furanose or pyranose structure), a 
Substituted Sugar or a cyclic or heterocyclic alkane or aryl 
group. See, e.g., U.S. Pat. No. 5,602,140 for compounds of 
this type. 

0243 In the case of pentostatin, X-R2 is 
-CH-CH(OH)-. In this case a second carbon atom is 
inserted in the ring between X and the adjacent nitrogen 
atom. The X-N double bond becomes a single bond. 

0244 U.S. Pat. No. 5,446,139 describes suitable purine 
analogues of the type shown in the formula. 
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0245 wherein N signifies nitrogen and V, W, X, Z can be 
either carbon or nitrogen with the following provisos. Ring 
A may have 0 to 3 nitrogen atoms in its structure. If two 
nitrogens are present in ring A, one must be in the W 
position. If only one is present, it must not be in the Q 
position. V and Q must not be simultaneously nitrogen. Z. 
and Q must not be simultaneously nitrogen. IfZ is nitrogen, 
R is not present. Furthermore, R are independently one of 
H, halogen, C., alkyl, C, alkenyl, hydroxyl, mercapto, 
C, alkylthio, C-, alkoxy, C-, alkenyloxy, aryl oxy, nitro, 
primary, Secondary or tertiary amine containing group. R8 
are H or up to two of the positions may contain indepen 
dently one of OH, halogen, cyano, azido, substituted amino, 
Rs and R7 can together form a double bond. Y is H, a C-7 
alkylcarbonyl, or a mono- di or triphosphate. 

0246 Exemplary Suitable purine analogues include 
6-mercaptopurine, thiguanosine, thiamiprine, cladribine, 
fludaribine, tubercidin, puromycin, pentoxyfilline, where 
these compounds may optionally be phosphorylated. Exem 
plary compounds have the Structures: 

— 

N21 \ 
R 

R 

R R Rs 

6-Mercaptopurine H SH H 
Thioguanosine NH, SH B 
Thiamiprine NH, A. H 
Cladribine Cl NH, B. 
Fludarabine F NH, B 
Puromycin H N(CH), B 
Tubercidin H NH B 

A: 

ONDC N S V 
CH 

B: 
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-continued 

R2 

21 N 

S. 
R N 

R 

R R R 

HO 

O 
R 

OH OH 

B: 
HO 

O 
H 

OH 

B: 
HO 

O 
O 

OH 

B: 
HO 

O 

NH2 

NH OH 

O 

CH 

O N 

y 
"---- N 

O O CH 

Pentoxyfilline 

0247 These compounds are thought to function as cell 
cycle inhibitors by Serving as antimetabolites of purine. 

0248. In another aspect, the cell cycle inhibitor is a 
nitrogen mustard. Many Suitable nitrogen mustards are 
known and are Suitably used as a cell cycle inhibitor in the 
present invention. Suitable nitrogen mustards are also 
known as cyclophosphamides. 
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0249. A preferred nitrogen mustard has the general struc 
ture: 

(i) 

0250). Where A is: 

n 
N 

On 1 
Sn 
O 

n 
R2 

0251 or -CH or other alkane, or chloronated alkane, 
typically CH-CH(CH2)Cl, or a polycyclic group Such as B, 
or a Substituted phenyl Such as C or a heterocyclic group 
Such as D. 

(ii) 

HOOC 

0252) Examples of suitable nitrogen mustards are dis 
closed in U.S. Pat. No. 3,808.297, wherein A is: 

n 

N 

On 1. 
S 
O 

n 
R2 

0253 R. are H or CHCHCl; R is H or oxygen 
containing groupS. Such as hydroperoxy, and R can be alkyl, 
aryl, heterocyclic. 

  



US 2005/0169960 A1 

0254 The cyclic moiety need not be intact. See, e.g., U.S. 
Pat. Nos. 5,472.956, 4,908,356, 4,841,085 that describe the 
following type of Structure: 

0255 wherein R is H or CHCHCl, and R are various 
Substituent groups. 
0256 Exemplary nitrogen mustards include methylchlo 
roethamine, and analogues or derivatives thereof, including 
methylchloroethamine oxide hydrohchloride, novembichin, 
and mannomustine (a halogenated Sugar). Exemplary com 
pounds have the Structures: 

Mechlorethanime CH 
Novembichin CHCH(CH)Cl 

Cl 

( R / \ 
N Cl 
R 

Mechiorethanime Oxide HCI 

0257 The nitrogen mustard may be cyclophosphamide, 
ifosfamide, perfosfamide, or torofosfamide, where these 
compounds have the Structures: 

R1 

Oa P 1. N-1 n 
S no 
N 
n R2 

R 

R R Rs 

Cyclophosphamide H CHCHCl H 
Ifosfamide CHCHCl H H 
Perfosfamide CHCHCl H OOH 
Torofosfamide CHCHCl CHCHCl H 

0258. The nitrogen mustard may be estramustine, or an 
analogue or derivative thereof, including phenesterine, pred 
nimustine, and estramustine PO. Thus, Suitable nitrogen 
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mustard type cell cycle inhibitors of the present invention 
have the Structures: 

R 

Estramustine OH 
Phenesterine C(CH)(CH2)CH(CH), 

ra 
N n1NC 

Prednimustine 

0259. The nitrogen mustard may be chlorambucil, or an 
analogue or derivative thereof, including melphalan and 
chlormaphazine. Thus, Suitable nitrogen mustard type cell 
cycle inhibitors of the present invention have the Structures: 

N Cl 

R1 \- 
R2 R3. Cl 

R R Rs 

Chlorambucil CHCOOH H H 
Melphalan COOH NH, H 
Chlornaphazine H together forms a 

benzene ring 

0260 The nitrogen mustard may be uracil mustard, 
which has the structure: 

H 
N 

o={ Cl 
N \- H 

O Cl 

0261) The nitrogen mustards are thought to function as 
cell cycle inhibitors by Serving as alkylating agents for 
DNA. Nitrogen mustards have been shown useful in the 

  



US 2005/0169960 A1 

treatment of cell proliferative disorders including, for 
example, Small cell lung, breast, cervical, head and neck, 
prostate, retinoblastoma, and Soft tissue Sarcoma. 
0262 The cell cycle inhibitor of the present invention 
may be a hydroxyurea. Hydroxyureas have the following 
general Structure: 

O 

R ls O-X 1 

N N 
R2 R1 

0263 Suitable hydroxyureas are disclosed in, for 
example, U.S. Pat. No. 6,080,874, wherein R is: 

y 2 S R2; 
R 

0264 and R is an alkyl group having 1-4 carbons and R 
is one of H, acyl, methyl, ethyl, and mixtures thereof, Such 
as a methylether. 
0265 Other suitable hydroxyureas are disclosed in, e.g., 
U.S. Pat. No. 5,665,768, wherein R is a cycloalkenyl group, 
for example N-(3-(5-(4-fluorophenylthio)-furyl)-2-cyclo 
penten-1-yl)N-hydroxyurea; R is H or an alkyl group hav 
ing 1 to 4 carbons and R is H., X is H or a cation. 
0266 Other suitable hydroxyureas are disclosed in, e.g., 
U.S. Pat. No. 4,299,778, wherein R is a phenyl group 
Substituted with on or more fluorine atoms; R is a cyclo 
propyl group; and R and X is H. 
0267. Other suitable hydroxyureas are disclosed in, e.g., 
U.S. Pat. No. 5,066,658, wherein RandR together with the 
adjacent nitrogen form: 

N (Cten 
Y - N o 

2 (CH2)m 

0268 wherein m is 1 or 2, n is 0-2 and Y is an alkyl group. 
0269. In one aspect, the hydroxy urea has the structure: 

ls OH 
HN NH 

Hydroxyurea 

0270 Hydroxyureas are thought to function as cell cycle 
inhibitors by serving to inhibit DNA synthesis. 
0271 In another aspect, the cell cycle inhibitor is a 
mytomicin, Such as mitomycin C, or an analogue or deriva 
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tive thereof, Such as porphyromycin. Exemplary compounds 
have the Structures: 

R 

Mitomycin C H 

Porphyromycin CH 
(N-methyl Mitomycin C) 

0272. These compounds are thought to function as cell 
cycle inhibitors by Serving as DNA alkylating agents. Mito 
mycins have been shown useful in the treatment of cell 
proliferative disorderS Such as, for example, esophageal, 
liver, bladder, and breast cancers. 

0273. In another aspect, the cell cycle inhibitor is an alkyl 
Sulfonate, Such as buSulfan, or an analogue or derivative 
thereof, Such as treoSulfan, improSulfan, pipOSulfan, and 
pipobroman. Exemplary compounds have the Structures: 

HC-S-O O-S-CH N-n-n- 
O O 

R 

Busulfan single bond 
Improsulfan -CH-NH-CH 

O 

O 

Br N S-( , 4 \ / 
Pipobroman 

Piposulfan 

0274 These compounds are thought to function as cell 
cycle inhibitors by Serving as DNA alkylating agents. 

0275. In another aspect, the cell cycle inhibitor is a 
benzamide. In yet another aspect, the cell cycle inhibitor is 
a nicotinamide. These compounds have the basic structure: 
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X 

R2 N A 

2 
Rs B 

0276 wherein X is either O or S; A is commonly NH or 
it can be OH or an alkoxy group; B is N or C-R, where 
R is H or an ether-linked hydroxylated alkane Such as 
OCHCH-OH, the alkane may be linear or branched and 
may contain one or more hydroxyl groups. Alternately, B 
may be N-Rs in which case the double bond in the ring 
involving B is a single bond. Rs may be H, and alkyl or an 
aryl group (see, e.g., U.S. Pat. No. 4,258,052); R is H, OR, 
SR or NHR, where R is an alkyl group; and R is H, a 
lower alkyl, an ether linked lower alkyl such as -O-Me or 
-O-ethyl (see, e.g., U.S. Pat. No. 5,215,738). 

0277 Suitable benzamide compounds have the struc 
tureS: 

N NH2 

Benzamides 
X = O or S 

Y = H, OR, CH3, or acetoxy 
Z = H, OR, SR, or NHR 
R = alkyl group 

0278 where additional compounds are disclosed in U.S. 
Pat. No. 5,215,738, (listing some 32 compounds). 

0279 Suitable nicotinamide compounds have the struc 
tureS: 

N NH2 

2 
N 

Nicotinamides 
X = O or S 
Z = H, OR, SR, NHR 
R = alkyl group 

0280 where additional compounds are disclosed in U.S. 
Pat. No. 5,215,738, 
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R2 N-E-Ni?yo1N R1 
R2 

N 
R2 

R R2 
R2 R2 

R R 

Benzodepa phenyl H 
Meturedepa CH, CH, 
Uredepa CH H 

if A HC N 
O 

V - NH2 
O O 

YCH, 
Carboquone 

0281. In another aspect, the cell cycle inhibitor is a 
halogenated Sugar, Such as mitolactol, or an analogue or 
derivative thereof, including mitobronitol and mannomus 
tine. Examplary compounds have the Structures: 

CHBr 

H OH 

HO H 

HO H 

H OH 

CHBr 
Mitolactol 

CHBr 

HO H 

HO H 

H OH 

H OH 

CHBr 
Mitobronitol 

HO H 

HO H 

H OH 

H OH 

Mannomustine 
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0282) In another aspect, the cell cycle inhibitor is a diazo 
compound, such as azaserine, or an analogue or derivative 
thereof, including 6-diazo-5-oxo-L-norleucine and 5-diaz 
ouracil (also a pyrimidine analog). Examplary compounds 
have the structures: 

O 

NEN R1 R2 
n1 OH 

O NH2 

R R 

AZaserine O single bond 
6-diazo-5-oxo- single bond CH 
L-norleucine 

0283) Other compounds that may serve as cell cycle 
inhibitors according to the present invention are pazelliptine; 
wortmannin; metoclopramide; RSU; buthionine Sulfoxime; 
tumeric; curcumin; AG337, a thymidylate synthase inhibi 
tor; levamisole; lentinan, a polysaccharide; razoxane, an 
EDTA analogue; indomethacin; chlorpromazine; C. and f 
interferon; MnBOPP, gadolinium texaphyrin, 4-amino-1.8- 
naphthalimide; staurosporine derivative of CGP; and 
SR-2508. 

0284 Thus, in one aspect, the cell cycle inhibitor is a 
DNA alylating agent. In another aspect, the cell cycle 
inhibitor is an anti-microtubule agent. In another aspect, the 
cell cycle inhibitor is a topoisomerase inhibitor. In another 
aspect, the cell cycle inhibitor is a DNA cleaving agent. In 
another aspect, the cell cycle inhibitor is an antimetabolite. 
In another aspect, the cell cycle inhibitor functions by 
inhibiting adenosine deaminase (e.g., as a purine analogue). 
In another aspect, the cell cycle inhibitor functions by 
inhibiting purine ring synthesis and/or as a nucleotide inter 
conversion inhibitor (e.g., as a purine analogue Such as 
mercaptopurine). In another aspect, the cell cycle inhibitor 
functions by inhibiting dihydrofolate reduction and/or as a 
thymidine monophosphate block (e.g., methotrexate). In 
another aspect, the cell cycle inhibitor functions by causing 
DNA damage (e.g., bleomycin). In another aspect, the cell 
cycle inhibitor functions as a DNA intercalation agent and/or 
RNA synthesis inhibition (e.g., doxorubicin, aclarubicin, or 
detorubicin (acetic acid, diethoxy-, 2-4-(3-amino-2,3,6- 
trideoxy-alpha-L-lyxo-hexopyranosyl)oxyl-1,2,3,4,6,11 
hexahydro-2,5,12-trihydroxy-7-methoxy-6,11-dioxo-2- 
naphthacenyl)-2-oxoethyl ester, (2S-cis)-)). In another 
aspect, the cell cycle inhibitor functions by inhibiting pyri 
midine synthesis (e.g., N-phosphonoacetyl-L-aspartate). In 
another aspect, the cell cycle inhibitor functions by inhib 
iting ribonucleotides (e.g., hydroxyurea). In another aspect, 
the cell cycle inhibitor functions by inhibiting thymidine 
monophosphate (e.g., 5-fluorouracil). In another aspect, the 
cell cycle inhibitor functions by inhibiting DNA synthesis 
(e.g., cytarabine). In another aspect, the cell cycle inhibitor 
functions by causing DNA adduct formation (e.g., platinum 
compounds). In another aspect, the cell cycle inhibitor 
functions by inhibiting protein Synthesis (e.g., L-aspargin 
ase). In another aspect, the cell cycle inhibitor functions by 
inhibiting microtubule function (e.g., taxanes). In another 
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aspect, the cell cycle inhibitor acts at one or more of the 
steps in the biological pathway shown in FIG. 1. 

0285) Additional cell cycle inhibitor S useful in the 
present invention, as well as a discussion of the mechanisms 
of action, may be found in Hardman J. G., Limbird L. E. 
Molinoff R. B., Ruddon R W., Gilman A. G. editors, 
Chemotherapy of Neoplastic Diseases in Goodman and 
Gilman's The Pharmacological Basis of Therapeutics Ninth 
Edition, McGraw-Hill Health Professions Division, New 
York, 1996, pages 1225-1287. See also U.S. Pat. Nos. 
3,387,001; 3,808.297; 3,894,000; 3,991,045; 4,012,390; 
4,057,548; 4,086,417; 4,144,237; 4,150,146; 4,210,584; 
4,215,062; 4,250,189; 4,258,052; 4,259,242; 4,296,105; 
4.299,778; 4,367,239; 4,374,414; 4,375,432; 4,472.379; 
4.588,831; 4,639,456; 4,767.855; 4.828,831; 4.841,045; 
4,841,085; 4,908,356; 4,923,876; 5,030,620; 5,034,320; 
5,047,528; 5,066,658; 5,166,149; 5,190,929; 5,215,738; 
5,292,731; 5,380,897; 5,382,582; 5,409,915; 5,440,056; 
5,446,139; 5,472,956; 5,527,905; 5,552,156; 5,594,158; 
5,602,140; 5,665,768; 5,843,903; 6,080,874; 6,096,923; and 
REO30561. 

0286) In another embodiment, the cell-cycle inhibitor is 
camptothecin, mitoxantrone, etoposide, 5-fluorouracil, 
doxorubicin, methotrexate, peloruside A, mitomycin C, or a 
CDK-2 inhibitor or an analogue or derivative of any member 
of the class of listed compounds. 

0287. In another embodiment, the cell-cycle inhibitor is 
HTI-286, plicamycin; or mithramycin, or an analogue or 
derivative thereof. 

0288). Other examples of cell cycle inhibitors also 
include, e.g., 7-hexanoyltaxol (QP-2), cytochalasin A, lan 
trunculin D, actinomycin-D, Ro-31-7453 (3-(6-nitro-1-me 
thyl-3-indolyl)-4-(1-methyl-3-indolyl)pyrrole-2,5-dione), 
PNU-151807, brostallicin, C2-ceramide, cytarabine ocfos 
fate (2(1H)-pyrimidinone, 4-amino-1-(5-O-(hydroxy(octa 
decyloxy)phosphinyl)-3-D-arabinofuranosyl)-, monoSo 
dium salt), paclitaxel (5.3.20-epoxy-1,2 alpha,4,7,103,13 
alpha-hexahydroxytax-11-en-9-one-4,10-diacetate-2-ben 
zoate-13-(alpha-phenylhippurate)), doxorubicin (5,12-naph 
thacenedione, 10-((3-amino-2,3,6-trideoxy-alpha-L-lyxo 
hexopyranosyl)oxy)-7,8,9,10-tetrahydro-6,8,11-trihydroxy 
8-(hydroxyacetyl)-1-methoxy-, (8S)-cis-), daunorubicin 
(5,12-naphthacenedione, 8-acetyl-10-((3-amino-2,3,6- 
trideoxy-alpha-L-lyxo-hexopyranosyl)oxy)-7,8,9,10-tet 
rahydro-6,8,11-trihydroxy-1-methoxy-, (8S-cis)-), gemcit 
abine hydrochloride (cytidine, 2'-deoxy-2,2'-difluoro-, 
monohydrochloride), nitacrine (1,3-propanediamine, N,N- 
dimethyl-N'-(1-nitro-9-acridinyl)-), carboplatin (platinum, 
diammine(1,1-cyclobutanedicarboxylato(2-))-, (SP-4-2)-), 
altretamine (1,3,5-triazine-2,4,6-triamine, N.N,N',N',N',N"- 
hexamethyl-), teniposide (furo(3',4':6.7)naphtho(2,3-d)-1,3- 
dioxol-6(5aH)-one, 5,8.8a,9-tetrahydro-5-(4-hydroxy-3,5- 
dimethoxyphenyl)-9-((4,6-O-(2-thienylmethylene)-3-D- 
glucopyranosyl)oxy)-, (5R-(5alpha,5af3,8aAlpha,9B(R)))- 
), eptaplatin (platinum, ((4R,5R)-2-(1-methylethyl)-1,3- 
dioxolane-4,5-dimethanamine-kappa N4.kappa 
N5)(propanedioato(2-)-kappa O1, kappa O3)-, (SP-4-2)-), 
amrubicin hydrochloride (5,12-naphthacenedione, 9-acetyl 
9-amino-7-((2-deoxy-f-D-erythro-pentopyranosyl)oxy)-7, 
8,9,10-tetrahydro-6,11-dihydroxy-, hydrochloride, (7S-cis)- 
), ifosfamide (2H-1,3,2-oxazaphosphorin-2-amine, N,3- 
bis(2-chloroethyl)tetrahydro-,2-oxide), cladribine 
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carboxamide, 5-hydroxy-1-B-D-ribofuranosyl-), 
prednicarbate (pregna-1,4-diene-320-dione, 17-((ethoxy 
carbonyl)oxy)-11-hydroxy-21-(1-oxopropoxy)-, (11B)-), 
iobenzarit (benzoic acid, 2-((2-carboxyphenyl)amino)-4- 
chloro-), glucametacin (D-glucose, 2-(((1-(4-chloroben 
Zoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetyl)amino)-2- 
deoxy-), fluocortolone monohydrate ((6 alpha)-fluoro 
16alpha-methylpregna-1,4-dien-11?,21-diol-3,20-dione), 
fluocortin butyl (pregna-1,4-dien-21-oic acid, 6-fluoro-11 
hydroxy-16-methyl-3,20-dioxo-, butyl ester, (6alpha,11.f3, 
16alpha)-), difluprednate (pregna-1,4-diene-3,20-dione, 
21-(acetyloxy)-6,9-difluoro-11-hydroxy-17-(1-oxobutoxy)-, 
(6 alpha,11.f3)-), diflorasone diacetate (pregna-1,4-diene-3, 
20-dione, 17.21-bis(acetyloxy)-6,9-difluoro-11-hydroxy 
16-methyl-, (6 Alpha,11f8,16f)-), dexamethasone Valerate 
(pregna-1,4-diene-3,20-dione, 9-fluoro-11,21-dihydroxy 
16-methyl-17-((1-oxopentyl)oxy)-, (11 B,16Alpha)-), meth 
ylprednisolone, deprodone propionate (pregna-1,4-diene-3, 
20-dione, 11-hydroxy-17-(1-oxopropoxy)-, (11.beta.)-), 
bucillamine (L-cysteine, N-(2-mercapto-2-methyl-1-oxo 
propyl)-), amcinonide (benzeneacetic acid, 2-amino-3-ben 
Zoyl-, monosodium salt, monohydrate), acemetacin (1H 
indole-3-acetic acid, 1-(4-chlorobenzoyl)-5-methoxy-2- 
methyl-, carboxymethyl ester), or an analogue or derivative 
thereof). 

0317 Further, analogues of rapamycin include tacroli 
mus and derivatives thereof (e.g., EP0184162B1 and U.S. 
Pat. No. 6,258,823) everolimus and derivatives thereof (e.g., 
U.S. Pat. No. 5,665,772). Further representative examples of 
Sirolimus analogues and derivatives can be found in PCT 
Publication Nos. WO 97/10502, WO 96/41807, WO 
96/35423, WO 96/03430, WO 96/00282, WO95/16691, 
WO 95/15328, WO 95/07468, WO 95/04738, WO 
95/04060, WO 94/25022, WO 94/21644, WO 94/18207, 
WO 94/10843, WO 94/09010, WO 94/04540, WO 
94/02485, WO 94/02137, WO 94/02136, WO 93/25533, 
WO 93/18043, WO 93/13663, WO 93/11130, WO 
93/101.22, WO 93/04680, WO 92/14737, and WO92/05179. 
Representative U.S. patents include U.S. Pat. Nos. 6,342, 
507; 5,985,890; 5,604,234, 5,597,715; 5,583,139; 5,563, 
172; 5,561,228; 5,561,137; 5,541,193; 5,541, 189: 5,534, 
632; 5,527,907; 5,484,799; 5.457,194; 5.457,182; 5,362, 
735; 5,324,644; 5,318,895; 5,310,903; 5,310,901; 5,258, 
389; 5,252,732; 5,247,076; 5,225,403; 5,221,625; 5,210, 
030; 5,208,241; 5,200,411; 5,198.421; 5,147,877; 5,140, 
018; 5,116,756; 5,109,112, 5,093,338; and 5,091,389. 

0318. The structures of sirolimus, everolimus, and tac 
rolimus are provided below: 

Name Code Name Company Structure 

Everolimus SAR-943 Novartis See below 
Sirolimus AY-22989 Wyeth See below 
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-continued 

Name Code Name Company Structure 

RAPAMUNE NSC-22608O 
Rapamycin 
Tacrolimus FK506 Fujusawa See below 

1N1 O, 

N 

Sirolimus 

0319 Further sirolimus analogues and derivatives 
include tacrolimus and derivatives thereof (e.g., 
EP0184162B1 and U.S. Pat. No. 6,258,823) everolimus and 
derivatives thereof (e.g., U.S. Pat. No. 5,665,772). Further 
representative examples of Sirolimus analogues and deriva 
tives include ABT-578 and others may be found in PCT 
Publication Nos. WO 97/10502, WO 96/41807, WO 
96/35423, WO 96/03430, WO 9600282, WO95/16691, WO 
9515328, WO95/07468, WO95/04738, WO95/04060, WO 
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839, ENMD-0997, Sch-23863 ((2-(10,11-dihydro-5-ethoxy 
5H-dibenzo (a,d) cyclohepten-S-yl)-N,N-dimethyl 
ethanamine), SH-636, PKF-241-466, PKF-242-484, TNF 
484A, cilomilast (cis-4-cyano-4-(3-(cyclopentyloxy)-4- 
methoxyphenyl)cyclohexane-1-carboxylic acid), GW-3333, 
GW-4459, BMS-561392, AM-87, cloricromene (acetic acid, 
((8-chloro-3-(2-(diethylamino)ethyl)-4-methyl-2-oxo-2H-1- 
benzopyran-7-yl)oxy)-, ethyl ester), thalidomide (1H-Isoin 
dole-1,3(2H)-dione, 2-(2,6-dioxo-3-piperidinyl)-), 
Vesnarinone (piperazine, 1-(3,4-dimethoxybenzoyl)-4-(12, 
3,4-tetrahydro-2-oxo-6-quinolinyl)-), infliximab, lentinan, 
etanercept (1-235-tumor necrosis factor receptor (human) 
fusion protein with 236-467-immunoglobulin G1 (human 
gamma1-chain Fc fragment)), diacerein (2-anthracenecar 
boxylic acid, 4,5-bis(acetyloxy)-9,10-dihydro-9,10-dioxo-, 
or an analogue or derivative thereof). 
0347 30. Tyrosine Kinase Inhibitors 
0348. In another embodiment, the pharmacologically 
active compound is a tyrosine kinase inhibitor (e.g., SKI 
606, ER-068224, SD-208, N-(6-benzothiazolyl)-4-(2-(1- 
piperazinyl)pyrid-5-yl)-2-pyrimidineamine, celastrol (24, 
25,26-trinoroleana-1 (10),3,5,7-tetraen-29-oic acid, 
3-hydroxy-9,13-dimethyl-2-oxo-, (9 beta., 13alpha,143.20 
alpha)-), CP-127374 (geldanamycin, 17-demethoxy-17-(2- 
propenylamino)-), CP-564959, PD-171026, CGP-52411 
(1H-Isoindole-1,3(2H)-dione, 4,5-bis(phenylamino)-), 
CGP-53716 (benzamide, N-(4-methyl-3-((4-(3-pyridinyl)- 
2-pyrimidinyl)amino)phenyl)-), imatinib (4-(methyl-1-pip 
erazinyl)methyl)-N-(4-methyl-3-(4-(3-pyridinyl)-2-pyrim 
idinyl)amino)-phenyl)benzamide methanesulfonate), NVP 
AAK980-NX, KF-250706 (13-chloro,5(R),6(S)-epoxy-14, 
16-dihydroxy-11-(hydroyimino)-3(R)-methyl-3,4,5,6,11, 
12-hexahydro-1H-2-benzoxacyclotetradecin-1-one), 5-(3- 
(3-methoxy-4-(2-((E)-2-phenylethenyl)-4- 
oxazolylmethoxy)phenyl)propyl)-3-(2-((E)-2- 
phenylethenyl)-4-oxazolylmethyl)-2,4-oxazolidinedione, 
genistein, NV-06, or an analogue or derivative thereof). 
0349 31. Vitronectin Inhibitors 
0350. In another embodiment, the pharmacologically 
active compound is a vitronectin inhibitor (e.g., O-(9,10 
dimethoxy-1,2,3,4,5,6-hexahydro-4-(1,4,5,6-tetrahydro-2- 
pyrimidinyl)hydrazono)-8-benz(e)azulenyl)-N-(phenyl 
methoxy)carbonyl)-DL-homoserine 2,3-dihydroxypropyl 
ester, (2S)-benzoylcarbonylamino-3-(2-((4S)-(3-(4,5-dihy 
dro-1H-imidazol-2-ylamino)-propyl)-2,5-dioxo-imidazoli 
din-1-yl)-acetylamino)-propionate, Sch-221153, S-836, 
SC-68448 (B-((2-2-(((3-((aminoiminomethyl)amino)phe 
nyl)carbonyl)amino)acetyl)amino)-3,5-dichloroben 
Zenepropanoic acid), SD-7784, S-247, or an analogue or 
derivative thereof). 
0351). 32. Fibroblast Growth Factor Inhibitors 
0352. In another embodiment, the pharmacologically 
active compound is a fibroblast growth factor inhibitor (e.g., 
CTO52923 (((2H-benzo(d) 1,3-dioxalan-5-methy 
l)amino)(4-(6,7-dimethoxyquinazolin-4-yl)piperazinyl 
)methane-1-thione), or an analogue or derivative thereof). 
0353 33. Protein Kinase Inhibitors 
0354) In another embodiment, the pharmacologically 
active compound is a protein kinase inhibitor (e.g., 
KP-0201448, NPC15437 (hexanamide, 2,6-diamino-N-((1- 
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(1-oxotridecyl)-2-piperidinyl)methyl)-), fasudil (1H-1,4-di 
azepine, hexahydro-1-(5-isoquinolinylsulfonyl)-), midos 
taurin (benzamide, N-(2,3,10,11,12,13-hexahydro-10 
methoxy-9-methyl-1-oxo-9,13-epoxy-1H,9H-diindolo(1.2, 
3-gh:3',2,1'-lm)pyrrolo(3,4-j)(1.7)benzodiazonin-11-yl)-N- 
methyl-, (9Alpha,10B,11.f3,13Alpha)-).fasudil (1H-1,4- 
diazepine, hexahydro-1-(5-isoquinolinylsulfonyl)-, 
dexniguldipine (3.5-pyridinedicarboxylic acid, 1,4-dihydro 
2,6-dimethyl-4-(3-nitrophenyl)-, 3-(4,4-diphenyl-1-pip 
eridinyl)propyl methyl ester, monohydrochloride, (R)-), 
LY-317615 (1H-pyrole-2,5-dione, 3-(1-methyl-1H-indol-3- 
yl)-4-1-1-(2-pyridinylmethyl)-4-piperidinyl)-1H-indol-3- 
yl-, monohydrochloride), perifosine (piperidinium, 4-hy 
droxy(octadecyloxy)phosphinyloxy)-1,1-dimethyl-, inner 
salt), LY-333531 (9H,18H-5,21:12,17-dimethenodibenzo(e, 
k)pyrrolo(3,4-h)(1,4,13)oxadiazacyclohexadecine-18, 
20(19H)-dione.9-((dimethylamino)methyl)-6,7,10,11-tet 
rahydro-, (S)-), Kynac; SPC-100270 (1,3-octadecanediol, 
2-amino-, S-(R,R)-), Kynacyte, or an analogue or 
derivative thereof). 
0355 34. PDGF Receptor Kinase Inhibitors 
0356. In another embodiment, the pharmacologically 
active compound is a PDGF receptor kinase inhibitor (e.g., 
RPR-127963E, or an analogue or derivative thereof). 
0357 35. Endothelial Growth Factor Receptor Kinase 
Inhibitors 

0358 In another embodiment, the pharmacologically 
active compound is an endothelial growth factor receptor 
kinase inhibitor (e.g., CEP-7055, SU-0879 (E)-3-(3,5-di 
tert-butyl-4-hydroxyphenyl)-2-(aminothiocarbonyl)acry 
lonitrile), BIBF-1000, AG-013736 (CP-868596), AMG-706, 
AVE-0005, NM-3 (3-(2-methylcarboxymethyl)-6-methoxy 
8-hydroxy-isocoumarin), Bay-43-9006, SU-011248, or an 
analogue or derivative thereof). 
0359 36. Retinoic Acid Receptor Antagonists 
0360. In another embodiment, the pharmacologically 
active compound is a retinoic acid receptor antagonist (e.g., 
etarotene (Ro-15-1570) (naphthalene, 6-(2-(4-(ethylsulfo 
nyl)phenyl)-1-methylethenyl)-1,2,3,4-tetrahydro-1,1,4,4- 
tetramethyl-, (E)-), (2E,4E)-3-methyl-5-(2-(E)-2-(2,6,6-tri 
methyl-1-cyclohexen-1-yl)ethenyl)-1-cyclohexen-1-yl)-2,4- 
pentadienoic acid, tocoretinate (retinoic acid, 3,4-dihydro 
2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)-2H-1- 
benzopyran-6-yl ester, (2R*(4R*.8R)-(+)-), aliretinoin 
(retinoic acid, cis-9, trans-13-), beXarotene (benzoic acid, 
4-(1-(5,6,7,8-tetrahydro-3,5,5,8,8-pentamethyl-2-naphtha 
lenyl)ethenyl)-), tocoretinate (retinoic acid, 3,4-dihydro-2, 
5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)-2H-1-ben 
Zopyran-6-yl ester, I2R*(4R*,8R)-(+)-, or an analogue or 
derivative thereof). 
0361 37. Platelet Derived Growth Factor Receptor 
Kinase Inhibitors 

0362. In another embodiment, the pharmacologically 
active compound is a platelet derived growth factor receptor 
kinase inhibitor (e.g., leflunomide (4-isoxazolecarboxamide, 
5-methyl-N-(4-(trifluoromethyl)phenyl)-, or an analogue or 
derivative thereof). 
0363 38. Fibronogin Antagonists 
0364. In another embodiment, the pharmacologically 
active compound is a fibrinogin antagonist (e.g., picotamide 
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brate (3-pyridinecarboxylic acid, 2-(2-(4-chlorophenoxy)-2- 
methyl-1-oxopropoxy)ethyl ester), clinofibrate (butanoic 
acid, 2,2'-(cyclohexylidenebis(4,1-phenyleneoxy)bis(2- 
methyl-)), beZafibrate (propanoic acid, 2-(4-(2-((4-chlo 
robenzoyl)amino)ethyl)phenoxy)-2-methyl-), binifibrate 
(3-pyridinecarboxylic acid, 2-(2-(4-chlorophenoxy)-2-me 
thyl-1-oxopropoxy)-1,3-propanediyl ester), or an analogue 
or derivative thereof). 
0381. In one aspect, the pharmacologically active com 
pound is a peroxisome proliferator-activated receptor alpha 
agonist, such as GW-590735, GSK-677954, GSK501516, 
pioglitazone hydrochloride (2,4-thiazolidinedione, 5-4-2- 
(5-ethyl-2-pyrid inyl)ethoxyphenyl)methyl-, monohydro 
chloride (+/-)-, or an analogue or derivative thereof). 
0382 47. Estrogen Receptor Agents 
0383. In another embodiment, the pharmacologically 
active compound is an estrogen receptor agent (e.g., estra 
diol, 17-B-estradiol, or an analogue or derivative thereof). 
0384 48. Somatostatin Analogues 
0385) In another embodiment, the pharmacologically 
active compound is a Somatostatin analogue (e.g., angio 
peptin, or an analogue or derivative thereof). 
0386 49. Neurokinin 1 Antagonists 
0387. In another embodiment, the pharmacologically 
active compound is a neurokinin 1 antagonist (e.g., 
GW-597599, lanepitant (1,4'-bipiperidine)-1'-acetamide, 
N-(2-(acetyl((2-methoxyphenyl)methyl)amino)-1-(1H-in 
dol-3-ylmethyl)ethyl)-(R)-), nolpitantium chloride (1-azoni 
abicyclo[2.2.2]octane, 1-2-3-(3,4-dichlorophenyl)-1-3- 
(1-methylethoxy)phenyl)acetyl-3-piperidinylethyl-4- 
phenyl-, chloride, (S)-), or Saredutant (benzamide, N-4-4- 
(acetylamino)-4-phenyl-1-piperidinyl-2-(3,4- 
dichlorophenyl)butyl-N-methyl-, (S)-), or Vofopiitant 
(3-piperidinamine, N-(2-methoxy-5-5-(trifluoromethyl)- 
1H-tetrazol-1-yl)phenyl)methyl)-2-phenyl-, (2S,3S)-, or an 
analogue or derivative thereof). 
0388 50. Neurokinin 3 Antagonist 
0389. In another embodiment, the pharmacologically 
active compound is a neurokinin 3 antagonist (e.g., talnetant 
(4-quinolinecarboxamide, 3-hydroxy-2-phenyl-N-(1S)-1- 
phenylpropyl-, or an analogue or derivative thereof). 
0390) 51. Neurokinin Antagonist 
0391) In another embodiment, the pharmacologically 
active compound is a neurokinin antagonist (e.g., GSK 
679769, GSK-823296, SR-489686 (benzamide, N-4-4- 
(acetylamino)-4-phenyl-1-piperidinyl-2-(3,4-dichlorophe 
nyl)butyl-N-methyl-(S)-), SB-223412; SB-235375 
(4-quinolinecarboxamide, 3-hydroxy-2-phenyl-N-(1S)-1- 
phenylpropyl-), UK-226471, or an analogue or derivative 
thereof). 
0392 52. VLA-4 Antagonist 
0393. In another embodiment, the pharmacologically 
active compound is a VLA-4 antagonist (e.g., GSK683699, 
or an analogue or derivative thereof). 
0394 53. Osteoclast Inhibitor 
0395. In another embodiment, the pharmacologically 
active compound is a osteoclast inhibitor (e.g., ibandronic 
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acid (phosphonic acid, 1-hydroxy-3-(methylpentylamino 
)propylidenebis-), alendronate Sodium, or an analogue or 
derivative thereof). 
0396 54. DNA topoisomerase ATP Hydrolysing Inhibitor 

0397. In another embodiment, the pharmacologically 
active compound is a DNA topoisomerase ATP hydrolysing 
inhibitor (e.g., enoxacin (1,8-naphthyridine-3-carboxylic 
acid, 1-ethyl-6-fluoro-1,4-dihydro-4-OXO-7-(1-piperazinyl)- 
), levofloxacin (7H-Pyrido 1,2,3-de-1,4-benzoxazine-6- 
carboxylic acid, 9-fluoro-2,3-dihydro-3-methyl-10-(4-me 
thyl-1-piperazinyl)-7-oxo-, (S)-), ofloxacin (7H-pyrido1,2, 
3-de-1,4-benzoxazine-6-carboxylic acid, 9-fluoro-2,3- 
dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-, (+/- 
)-), pefloxacin (3-quinolinecarboxylic acid, 1-ethyl-6- 
fluoro-1,4-dihydro-7-(4-methyl-1-piperazinyl)-4-OXO-), 
pipemidic acid (pyrido2,3-dpyrimidine-6-carboxylic acid, 
8-ethyl-5,8-dihydro-5-oxo-2-(1-piperazinyl)-), pirarubicin 
(5,12-naphthacenedione, 10-3-amino-2,3,6-trideoxy-4-O- 
(tetrahydro-2H-pyran-2-yl)-alpha-L-lyxo-hexopyranosyl 
oxy-7,8,9,10-tetrahydro-6,8,11-trihydroxy-8-(hydroxy 
acetyl)-1-methoxy-, 8S-8 alpha,10 alpha(S)-), 
Sparfloxacin (3-quinolinecarboxylic acid, 5-amino-1-cyclo 
propyl-7-(3,5-dimethyl-1-piperazinyl)-6,8-difluoro-1,4-di 
hydro-4-oxo-, cis-), AVE-6971, cinoxacin (1.3dioxolo4, 
5-gcinnoline-3-carboxylic acid, 1-ethyl-1,4-dihydro-4-oxo 
), or an analogue or derivative thereof). 
0398 55. Angiotensin I Converting Enzyme Inhibitor 

0399. In another embodiment, the pharmacologically 
active compound is an angiotensin I converting enzyme 
inhibitor (e.g., ramipril (cyclopentabpyrrole-2-carboxylic 
acid, 1-2-1-(ethoxycarbonyl)-3-phenylpropylamino)-1- 
oxopropyloctahydro-, 2S-1R*(R*)).2 alpha,3af3,6af3-), 
trandolapril (1H-indole-2-carboxylic acid, 1-2-(1-carboxy 
3-phenylpropyl)amino-1-oxopropyloctahydro-, 2S-1 
R*(R*)).2 alpha,3a alpha,7a3-), fasidotril (L-alanine, 
N-(2S)-3-(acetylthio)-2-(1,3-benzodioxol-5-ylmethyl)-1- 
Oxopropyl-, phenylmethyl ester), cilaZapril (6H-pyridazino 
1,2-a1,2diazepine-1-carboxylic acid, 9-1-(ethoxycar 
bonyl)-3-phenylpropylaminoloctahydro-10-oxo-, 1S-1 
alpha, 9 alpha(R)-), ramipril (cyclopentabpyrrole-2-car 
boxylic acid, 1-2-1-(ethoxycarbonyl)-3-phenylpropyl 
amino]-1-oxopropyloctahydro-, 2S-1R*(R*)), 2 alpha, 
3af3,6af3-, or an analogue or derivative thereof). 
04.00 56. Angiotensin II Antagonist 

04.01. In another embodiment, the pharmacologically 
active compound is an angiotensin II antagonist (e.g., 
HR-720 (1H-imidazole-5-carboxylic acid, 2-butyl-4-(meth 
ylthio)-1-2'-(propylamino)carbonyl)aminosulfonyl 1, 
1'-biphenyl-4-yl)methyl-, dipotassium salt, or an analogue 
or derivative thereof). 
0402 57. Enkephalinase Inhibitor 

0403. In another embodiment, the pharmacologically 
active compound is an enkephalinase inhibitor (e.g., Aventis 
100240 (pyrido 2,1-a2benzazepine-4-carboxylic acid, 
7-2-(acetylthio)-1-oxo-3-phenylpropylamino-1,2,3,4,6, 
7,8,12b-octahydro-6-oxo-, 4S-4 alpha, 7 alpha(R), 
12b?3-), AVE-7688, or an analogue or derivative thereof). 
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04.04 58. Peroxisome Proliferator-Activated Receptor 
Gamma Agonist Insulin Sensitizer 
0405. In another embodiment, the pharmacologically 
active compound is peroxisome proliferator-activated recep 
tor gamma agonist insulin Sensitizer (e.g., rosiglitaZone 
maleate (2,4-thiazolidinedione, 5-(4-(2-(methyl-2-pyridi 
nylamino)ethoxy)phenyl)methyl)-, (Z)-2-butenedioate 
(1:1), fargilitazar (GI-262570, GW-2570, GW-3995, 
GW-5393, GW-9765), LY-929, LY-519818, LY-674, or 
LSN-862), or an analogue or derivative thereof). 
0406 59. Protein Kinase C Inhibitor 
0407. In another embodiment, the pharmacologically 
active compound is a protein kinase C inhibitor, Such as 
ruboxistaurin mesylate (9H,18H-5,21:12,17-dimethenod 
ibenzo(ek)pyrrolo(3,4-h)(1,4,13)oxadiazacyclohexadecine 
18.20(19H)-dione, 9-((dimethylamino)methyl)-6,7,10,11 
tetrahydro-, (S)-), Safingol (1,3-octadecanediol, 2-amino-, 
S-(R*,R)-), or enzastaurin hydrochloride (1H-pyrole-2,5- 
dione, 3-(1-methyl-1H-indol-3-yl)-4-1-1-(2-pyridinylm 
ethyl)-4-piperidinyl)-1H-indol-3-yl-, monohydrochloride), 
or an analogue or derivative thereof. 
0408) 60. ROCK (Rho-Associated Kinase) Inhibitors 
04.09. In another embodiment, the pharmacologically 
active compound is a ROCK (rho-associated kinase) inhibi 
tor, such as Y-27632, HA-1077, H-1152 and 4-1-(ami 
noalkyl)-N-(4-pyridyl)cyclohexanecarboxamide or an ana 
logue or derivative thereof. 
0410) 61. CXCR3 Inhibitors 
0411. In another embodiment, the pharmacologically 
active compound is a CXCR3 inhibitor such as T487, 
TO906487 or analogue or derivative thereof. 
0412) 62. Itk Inhibitors 
0413. In another embodiment, the pharmacologically 
active compound is an Itkinhibitor such as BMS-509744 or 
an analogue or derivative thereof. 
0414 63. Cytosolic phospholipase A-Alpha Inhibitors 
0415. In another embodiment, the pharmacologically 
active compound is a cytosolic phospholipase A-alpha 
inhibitor such as efipladib (PLA-902) or analogue or deriva 
tive thereof. 

0416) 64. PPAR Agonist 
0417. In another embodiment, the pharmacologically 
active compound is a PPAR Agonist (e.g., Metabolex ((-)- 
benzeneacetic acid, 4-chloro-alpha-3-(trifluoromethyl)- 
phenoxy-, 2-(acetylamino)ethyl ester), balaglitaZone (5-(4- 
(3-methyl-4-oxo-3,4-dihydro-quinazolin-2-yl-methoxy)- 
benzyl)-thiazolidine-2,4-dione), ciglitaZone (2,4- 
thiazolidinedione, 5-4-(1-methylcyclohexyl)methoxy 
phenyl)methyl]-), DRF-10945, farglitazar, GSK-677954, 
GW-409544, GW-501516, GW-590735, GW-590735, 
K-111, KRP-101, LSN-862, LY-519818, LY-674, LY-929, 
muraglitazar; BMS-298,585 (Glycine, N-(4-methoxyphe 
noxy)carbonyl-N-(4-2-(5-methyl-2-phenyl-4-ox 
azolyl)ethoxyphenyl)methyl-), netoglitazone; isaglitaZone 
(2,4-thiazolidinedione, 5-6-(2-fluorophenyl)methoxy-2- 
naphthalenyl)methyl-), Actos AD-4833; U-72107A (2,4- 
thiazolidinedione, 5-4-2-(5-ethyl-2-pyridinyl)ethoxy 
phenyl)methyl-, monohydrochloride (+/-)-), JTT-501; 
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PNU-182716 (3.5-Isoxazolidinedione, 4-4-2-(5-methyl 
2-phenyl-4-oxazolyl)ethoxyphenyl)methyl-), AVANDIA 
(from SB Pharmco Puerto Rico, Inc. (Puerto Rico); BRL 
48482; BRL-49653; BRL-49653c; NYRACTA and Venvia 
(both from (SmithKline Beecham (United Kingdom)); tesa 
glitazar ((2S)-2-ethoxy-3-4-2-4-(methylsulfonyl)oxy 
phenylethoxyphenyl propanoic acid), troglitaZone (2,4- 
Thiazolidinedione, 5-4-(3,4-dihydro-6-hydroxy-2,5,7,8- 
tetra methyl-2H-1-benzopyran-2-yl)methoxyphenyl 
methyl-), and analogues and derivatives thereof). 
0418 65. Immunosuppressants 
0419. In another embodiment, the pharmacologically 
active compound is an immunosuppressant (e.g., batebulast 
(cyclohexanecarboxylic acid, 4-(aminoiminomethy 
l)aminomethyl-, 4-(1,1-dimethylethyl)phenyl ester, trans 
), cyclomunine, exalamide (benzamide, 2-(hexyloxy)-), 
LYN-001, CCI-779 (rapamycin 42-(3-hydroxy-2-(hy 
droxymethyl)-2-methylpropanoate)), 1726; 1726-D; AVE 
1726, or an analogue or derivative thereof). 
0420) 66. Erb Inhibitor 
0421. In another embodiment, the pharmacologically 
active compound is an Erb inhibitor (e.g., canertinib dihy 
drochloride (N-4-(3-(chloro-4-fluorophenylamino)-7-(3- 
morpholin-4-yl-propoxy)-quinazolin-6-yl)-acrylamide 
dihydrochloride), CP-724714, or an analogue or derivative 
thereof). 
0422 67. Apoptosis Agonist 
0423 In another embodiment, the pharmacologically 
active compound is an apoptosis agonist (e.g., CEFLATO 
NIN (CGX-635) (from Chemgenex Therapeutics, Inc., 
Menlo Park, Calif.), CHML, LBH-589, metoclopramide 
(benzamide, 4-amino-5-chloro-N-2-(diethylamino)ethyl 
2-methoxy-), patupilone (4,17 
dioxabicyclo(14.1.0)heptadecane-5,9-dione, 7,11-dihy 
droxy-8,8,10,12,16-pentamethyl-3-(1-methyl-2-(2-methyl 
4-thiazolyl)ethenyl, (1R,3S,7S,10R,11S, 12S,16R)), AN-9; 
pivanex (butanoic acid, (2,2-dimethyl-1-oxopropoxy)m- 
ethyl ester), SL-100; SL-102; SL-11093; SL-11098; 
SL-11099; SL-93; SL-98; SL-99, or an analogue or deriva 
tive thereof). 
0424 68. Lipocortin Agonist 
0425. In another embodiment, the pharmacologically 
active compound is an lipocortin agonist (e.g., CGP-13774 
(9Alpha-chloro-6Alpha-fluoro-11B,17alpha-dihydroxy 
16Alpha-methyl-3-oxo-1,4-androstadiene-173-carboxylic 
acid-methylester-17-propionate), or analogue or derivative 
thereof). 
0426 69. VCAM-1 Antagonist 
0427. In another embodiment, the pharmacologically 
active compound is a VCAM-1 antagonist (e.g., DW-908e, 
or an analogue or derivative thereof). 
0428 70. Collagen Antagonist 
0429. In another embodiment, the pharmacologically 
active compound is a collagen antagonist (e.g., E-5050 
(Benzenepropanamide, 4-(2,6-dimethylheptyl)-N-(2-hy 
droxyethyl)-3-methyl-), lufironil (2,4-Pyridinedicarboxam 
ide, N,N'-bis(2-methoxyethyl)-), or an analogue or deriva 
tive thereof). 
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0430) 71. Alpha 2 Integrin Antagonist 
0431. In another embodiment, the pharmacologically 
active compound is an alpha 2 integrin antagonist (e.g., 
E-7820, or an analogue or derivative thereof). 
0432 72. TNF Alpha Inhibitor 
0433. In another embodiment, the pharmacologically 
active compound is a TNF alpha inhibitor (e.g., ethyl 
pyruvate, GenZ-29155, lentinan (Ajinomoto Co., Inc. 
(Japan)), linomide (3-quinolinecarboxamide, 1,2-dihydro-4- 
hydroxy-N,1-dimethyl-2-oxo-N-phenyl-), UR-1505, or an 
analogue or derivative thereof). 
0434) 73. Nitric Oxide Inhibitor 
0435. In another embodiment, the pharmacologically 
active compound is a nitric oxide inhibitor (e.g., guanidi 
oethyldisulfide, or an analogue or derivative thereof). 
0436 74. Cathepsin Inhibitor 
0437. In another embodiment, the pharmacologically 
active compound is a cathepsin inhibitor (e.g., SB-462795 or 
an analogue or derivative therof). 
0438 Combination Therapies 
0439. In addition to incorporation of a fibrosis-inhibiting 
agent, one or more other pharmaceutically active agents can 
be incorporated into the present compositions to improve or 
enhance efficacy. In one aspect, the composition may further 
include a compound which acts to have an inhibitory effect 
on pathological processes in or around the treatment site. 
Representative examples of additional therapeutically active 
agents include, by way of example and not limitation, 
anti-thrombotic agents, anti-proliferative agents, anti-in 
flammatory agents, neoplastic agents, enzymes, receptor 
antagonists or agonists, hormones, antibiotics, antimicrobial 
agents, antibodies, cytokine inhibitors, IMPDH (inosine 
monophosplate dehydrogenase) inhibitors tyrosine kinase 
inhibitors, MMP inhibitors, p38 MAP kinase inhibitors, 
immunosuppressants, apoptosis antagonists, caspase inhibi 
tors, and JNK inhibitors. 
0440. In one aspect, the present invention also provides 
for the combination of an implantable pump or implantable 
Sensor device (as well as compositions and methods for 
making implantable pump and Sensor devices) that includes 
an anti-fibrosing agent and an anti-infective agent, which 
reduces the likelihood of infections. 

0441 Infection is a common complication of the implan 
tation of foreign bodies Such as, for example, medical 
devices. Foreign materials provide an ideal Site for micro 
organisms to attach and colonize. It is also hypothesized that 
there is an impairment of host defenses to infection in the 
microenvironment Surrounding a foreign material. These 
factors make medical implants particularly Susceptible to 
infection and make eradication of Such an infection difficult, 
if not impossible, in most cases. 
0442. The present invention provides agents (e.g., che 
motherapeutic agents) that can be released from a compo 
Sition, and which have potent antimicrobial activity at 
extremely low doses. A wide variety of anti-infective agents 
can be utilized in combination with the present composi 
tions. Suitable anti-infective agents may be readily deter 
mined based the assays provided in Example 52. Discussed 
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in more detail below are Several representative examples of 
agents that can be used: (A) anthracyclines (e.g., doxorubi 
cin and mitoxantrone), (B) fluoropyrimidines (e.g., 5-FU), 
(C) folic acid antagonists (e.g., methotrexate), (D) podophy 
lotoxins (e.g., etoposide), (E) camptothecins, (F) hydrox 
yureas, and (G) platinum complexes (e.g., cisplatin). 

0443 (A) Anthracyclines 
0444 Anthracyclines have the following general struc 
ture, where the R groups may be a variety of organic groups: 

04:45 According to U.S. Pat. No. 5,594,158, suitable R 
groups are as follows: R is CH or CH-OH; R is daun 
osamine or H; R and R are independently one of OH, NO, 
NH, F, Cl, Br, I, CN, H or groups derived from these; Rs 
is hydrogen, hydroxyl, or methoxy; and Rs are all hydro 
gen. Alternatively, Rs and R are hydrogen and R7 and Rs are 
alkyl or halogen, or Vice versa. 

0446. According to U.S. Pat. No. 5,843.903, R may be a 
conjugated peptide. According to U.S. Pat. No. 4,296,105, 
R may be an ether linked alkyl group. According to U.S. Pat. 
No. 4,215,062, Rs may be OH or an ether linked alkyl group. 
R may also be linked to the anthracycline ring by a group 
other than C(O), Such as an alkyl or branched alkyl group 
having the C(O) linking moiety at its end, Such as 
-CH-CH(CH2-X)C(O)-R, wherein X is H or an alkyl 
group (see, e.g., U.S. Pat. No. 4,215,062). R may alternately 
be a group linked by the functional group =N-NHC(O)- 
Y, where Y is a group Such as a phenyl or Substituted phenyl 
ring. Alternately Rs may have the following structure: 

HC O 

0447 in which Ro is OH either in or out of the plane of 
the ring, or is a Second Sugar moiety Such as R. Rio may be 
H or form a Secondary amine with a group Such as an 
aromatic group, Saturated or partially Saturated 5 or 6 
membered heterocyclic having at least one ring nitrogen (see 
U.S. Pat. No. 5,843.903). Alternately, Rio may be derived 
from an amino acid, having the Structure 
-C(O)CH(NHR)(R), in which R is H, or forms a C 
membered alkylene with R. R. may be H, alkyl, ami 
noalkyl, amino, hydroxyl, mercapto, phenyl, benzyl or 
methylthio (see U.S. Pat. No. 4,296,105). 
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04.48 Exemplary anthracyclines are doxorubicin, dauno 
rubicin, idarubicin, epirubicin, pirarubicin, Zorubicin, and 
carubicin. Suitable compounds have the Structures: 

Doxorubicin: 

Epirubicin: 
(4 epimer of 
doxorubicin) 
Daunorubicin: 

Idarubicin: 

OCH 

OCH, 

OCH 

R 

C(O)CHOH 

C(O)CHOH 

Rs 

OH out of ring 
plane 
OH in ring 
plane 

OH out of ring 
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-continued 

HC O 

NH2 
R3 

R R Rs 

Pirarubicin: OCH, C(O)CHOH C’ M O 

Zorubicin: OCH, C(CH)(=N)NHC(O)CH, OH 
Carubicin: OH C(O)CH, OH out of ring 

plane 

plane 0449 Other suitable anthracyclines are anthramycin, 
OH out of ring mitoxantrone, menogaril, nogalamycin, aclacinomycin A, 
plane 

olivomycin A, chromomycin A, and plicamycin having the 
StructureS: 

R R Rs 

Menoganril H OCH H 

Nogalamycin O-sugar H COCH, 

Sugar: 

OH O HN OH n1n N11 N1 

OH O HN OH n1n N1N1 

CH 
HC O 

O 
HCO OCH 

CH 
Mitoxantrone 
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-continued 

OR 

HO 

HO 

R R Rs 

Olivomycin A COCH(CH), CH 
Chromomycin As COCH, CH 
Plicamycin H H H 
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CH 
CH 

HC 

HC 

Aclacinomycin A 

04.50 Other representative anthracyclines include, FCE 
23762, a doxorubicin derivative (Quaglia et al., J. Liq. 
Chromatogr. 17 (18): 3911-3923, 1994), annamycin (Zou et 
al., J. Pharm. Sci. 82 (11): 1151-1154, 1993), ruboxyl 
(Rapoport et al., J. Controlled Release 58 (2): 153-162, 
1999), anthracycline disaccharide doxorubicin analogue 
(Pratesi et al., Clin. Cancer Res. 4 (11): 2833–2839, 1998), 
N-(trifluoroacetyl)doxorubicin and 4'-O-acetyl-N-(trifluoro 
acetyl)doxorubicin (Berube & Lepage, Synth. Commun. 28 
(6): 1109-1116, 1998), 2-pyrrolinodoxorubicin (Nagy et al., 
Proc. Nat'l Acad. Sci. U.S.A. 95 (4): 1794-1799, 1998), 
disaccharide doxorubicin analogues (Arcamone et al., J. 

Natl Cancer Inst. 89 (16): 1217-1223, 1997), 4-demethoxy 
7-O-2,6-dideoxy-4-O-(2,3,6-trideoxy-3-amino-O-L-lyxo 
hexopyranosyl)-O-L-lyxo-hexopyranosyl-adriamicinone 
doxorubicin disaccharide analogue (Monteagudo et al., Car 
bohydr. Res. 300 (1): 11-16, 1997), 2-pyrrolinodoxorubicin 
(Nagy et al., Proc. Nat'l Acad. Sci. U.S.A. 94 (2): 652-656, 
1997), morpholinyl doxorubicin analogues (Duran et al., 
Cancer Chemother. Pharmacol. 38 (3): 210-216, 1996), 
enaminomalonyl-C.-alanine doxorubicin derivatives (Seitz et 
al., Tetrahedron Lett. 36 (9): 1413-16, 1995), cephalosporin 
doxorubicin derivatives (Virudhula et al., J. Med Chem. 38 
(8): 1380-5, 1995), hydroxyrubicin (Solary et al., Int. J. 
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Cancer 58 (1): 85-94, 1994), methoxymorpholino doxoru 
bicin derivative (Kuhlet al., Cancer Chemother: Pharmacol. 
33 (1): 10-16, 1993), (6-maleimidocaproyl)hydrazone doxo 
rubicin derivative (Willner et al., Bioconjugate Chem. 4 (6): 
521-7, 1993), N-(5,5-diacetoxypent-1-yl) doxorubicin 
(Cherif & Farquhar, J. Med. Chem. 35 (17): 3208-14, 1992), 
FCE 23762 methoxymorpholinyl doxorubicin derivative 
(Ripamonti et al., Br. J. Cancer 65 (5): 703-7, 1992), 
N-hydroxysuccinimide ester doxorubicin derivatives 
(Demant et al., Biochim. Biophys. Acta 1118 (1): 83-90, 
1991), polydeoxynucleotide doxorubicin derivatives (Rug 
giero et al., Biochim. Biophys. Acta 1129 (3): 294-302, 
1991), morpholinyl doxorubicin derivatives (EPA434960), 
mitoxantrone doxorubicin analogue (Krapcho et al., J. Med. 
Chem. 34 (8): 2373-80. 1991), AD 198 doxorubicin analogue 
(Traganos et al., Cancer Res. 51 (14): 3682-9, 1991), 
4-demethoxy-3'-N-trifluoroacetylidoxorubicin (Horton et al., 
Drug Des. Delivery 6 (2): 123-9, 1990), 4'-epidoxorubicin 
(Drzewoski et al., Pol. J. Pharmacol. Pharm. 40(2): 159-65, 
1988; Weenen et al., Eur: J. Cancer Clin. Oncol. 20 (7): 
919-26, 1984), alkylating cyanomorpholino doxorubicin 
derivative (Scudder et al., J. Nat'l Cancer Inst. 80 (16): 
1294–8, 1988), deoxydihydroiodooxorubicin (EPA 275966), 
adriblastin (Kalishevskaya et al., Vestn. Mosk. Univ., 16 
(Biol. 1): 21-7, 1988),4'-deoxydoxorubicin (Schoelzel et al., 
Leuk. Res. 10 (12): 1455-9, 1986), 4-demethyoxy-4'-O- 
methyldoxorubicin (Giuliani et al., Proc. Int. Congr: 
Chemother. 16: 285-70-285-77, 1983), 3'-deamino-3'-hy 
droxydoxorubicin (Horton et al., J. Antibiot. 37 (8): 853-8, 
1984), 4-demethyoxy doxorubicin analogues (Barbieri et al., 
Drugs Exp. Clin. Res. 10 (2): 85-90, 1984), N-L-leucyl 
doxorubicin derivatives (Trouet et al., Anthracyclines (Proc. 
Int. Symp. Tumor Pharmacother.), 179-81, 1983), 
3'-deamino-3'-(4-methoxy-1-piperidinyl) doxorubicin 
derivatives (U.S. Pat. No. 4,314,054), 3'-deamino-3'-(4- 
mortholinyl) doxorubicin derivatives (U.S. Pat. No. 4,301, 
277), 4'-deoxydoxorubicin and 4'-O-methyldoxorubicin 
(Giuliani et al., Int. J. Cancer 27(1): 5-13, 1981), aglycone 
doxorubicin derivatives (Chan & Watson, J. Pharm. Sci. 67 
(12): 1748-52, 1978), SM 5887 (Pharma Japan 1468: 20, 
1995), MX-2 (Pharma Japan 1420; 19, 1994), 4'-deoxy 
13(S)-dihydro-4'-iododoxorubicin (EP 275966), morpholi 
nyl doxorubicin derivatives (EPA 434960), 3'-deamino-3'- 
(4-methoxy-1-piperidinyl) doxorubicin derivatives (U.S. 
Pat. No. 4,314,054), doxorubicin-14-valerate, morpholino 
doxorubicin (U.S. Pat. No. 5,004,606), 3'-deamino-3'-(3"- 
cyano-4"-morpholinyl doxorubicin; 3'-deamino-3'-(3"-cy 
ano-4"-morpholinyl)-13-dihydoxorubicin; (3'-deamino-3'- 
(3"-cyano-4"-morpholinyl) daunorubicin; 3'-deamino-3'- 
(3"-cyano-4"-morpholinyl)-3-dihydrodaunorubicin; and 
3'-deamino-3'-(4"-morpholinyl-5-iminodoxorubicin and 
derivatives (U.S. Pat. No. 4,585,859), 3'-deamino-3'-(4- 
methoxy-1-piperidinyl) doxorubicin derivatives (U.S. Pat. 
No. 4,314,054) and 3-deamino-3-(4-morpholinyl) doxoru 
bicin derivatives (U.S. Pat. No. 4,301.277). 
0451 (B) Fluoropyrimidine Analogues 
0452. In another aspect, the therapeutic agent is a fluo 
ropyrimidine analog, Such as 5-fluorouracil, or an analogue 
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or derivative thereof, including carmofur, doxifluridine, 
emitefur, tegafur, and floxuridine. Exemplary compounds 
have the Structures: 

O 

R2 F n 

1. 
R1 

R R 

5-Fluorouracil H H 

Carmofur C(O)NH(CH)-CH, H 
Doxifluridine A1 H 
Floxuridine A2 H 

Emitefur CHOCHCH B 
Tegafur C H 

B 

CN 
O 21 O O 

N 
O N O 

C 

O 

0453 Other suitable fluoropyrimidine analogues include 
5-FudR (5-fluorodeoxyuridine), or an analogue or derivative 
thereof, including 5-iododeoxyuridine (5-ludR), 5-bromode 
oxyuridine (5-BudR), fluorouridine triphosphate (5-FUTP), 
and fluorodeoxyuridine monophosphate (5-dFUMP). Exem 
plary compounds have the Structures: 

O 

R 
NH 

HO 1s. 
O 

OH 

5-Fluoro-2'-deoxyuridine: R = F 
5-Bromo-2'-deoxyuridine: R = Br 
5-Iodo-2'-deoxyuridine: R = 
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0454) Other representative examples of fluoropyrimidine 
analogues include N3-alkylated analogues of 5-fluorouracil 
(Kozai et al., J. Chem. Soc., Perkin Trans. 1 (19): 3145 
3146, 1998), 5-fluorouracil derivatives with 1,4-oxahet 
eroepane moieties (Gomez et al., Tetrahedron 54 (43): 
13295-13312, 1998), 5-fluorouracil and nucleoside ana 
logues (Li, Anticancer Res. 17 (1A): 21-27, 1997), cis- and 
trans-5-fluoro-5,6-dihydro-6-alkoxyuracil (Van der Wilt et 
al., Br. J. Cancer 68 (4): 702-7, 1993), cyclopentane 5-fluo 
rouracil analogues (Hronowski & Szarek, Can. J. Chem. 70 
(4): 1162-9, 1992), A-OT-fluorouracil (Zhang et al., Zong 
guo Yiyao Gongye Zazhi 20 (11): 513-15, 1989), N4-tri 
methoxybenzoyl-5'-deoxy-5-fluorocytidine and 5'-deoxy-5- 
fluorouridine (Miwa et al., Chem. Pharm. Bull. 38 (4): 
998-1003, 1990), 1-hexylcarbamoyl-5-fluorouracil (Hoshi 
et al., J. Pharmacobio-Dun. 3 (9): 478-81, 1980; Maehara et 
al., Chemotherapy (Basel) 34 (6): 484-9, 1988), B-3839 
(Prajda et al., In Vivo 2 (2): 151-4, 1988), uracil-1-(2- 
tetrahydrofuryl)-5-fluorouracil (Anaiet al., Oncology 45(3): 
144-7, 1988), 1-(2'-deoxy-2'-fluoro-B-D-arabinofuranosyl)- 
5-fluorouracil (Suzuko et al., Mol. Pharmacol. 31 (3): 301-6, 
1987), doxifluridine (Matuura et al., Oyo Yakuri 29 (5): 
803-31, 1985), 5'-deoxy-5-fluorouridine (Bollag & Hart 
mann, Eur: J. Cancer 16 (4): 427-32, 1980), 1-acetyl-3-O- 
toluyl-5-fluorouracil (Okada, Hiroshima J. Med. Sci. 28 (1): 
49-66, 1979), 5-fluorouracil-m-formylbenzene-Sulfonate (JP 
55059173), N'-(2-furanidyl)-5-fluorouracil (JP 5314.9985) 
and 1-(2-tetrahydrofuryl)-5-fluorouracil (JP 52089680). 
0455 These compounds are believed to function as thera 
peutic agents by Serving as antimetabolites of pyrimidine. 
0456 (C) Folic Acid Antagonists 
0457. In another aspect, the therapeutic agent is a folic 
acid antagonist, Such as methotrexate or derivatives or 
analogues thereof, including edatrexate, trimetrexate, ralti 
trexed, piritrexim, denopterin, tomudeX, and pteropterin. 
Methotrexate analogues have the following general Struc 
ture: 

Ro 

Methotrexate NH 
Edatrexate NH 
Trimetrexate NH 
Pteropterin OH 
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0458. The identity of the R group may be selected from 
organic groups, particularly those groups Set forth in U.S. 
Pat. Nos. 5,166,149 and 5,382,582. For example, R may be 
N, R may be N or C(CH), R and R may H or alkyl, e.g., 
CH, R may be a single bond or NR, where R is H or alkyl 
group. Rses may be H, OCH, or alternately they can be 
halogens or hydro groups. R-7 is a Side chain of the general 
Structure: 

O 

NH 

HO 

O 
O OH 

0459 wherein n=1 for methotrexate, n=3 for pteropterin. 
The carboxyl groups in the Side chain may be esterified or 
form a salt Such as a Zn "salt. Ro and Rio can be NH2 or may 
be alkyl substituted. 

0460) Exemplary folic acid antagonist compounds have 
the Structures: 

R1 N NH2 

n s 
R6 R4 2n 2 N 

R3 

R R0 
R 

R8 

R. R. R. R. Rs R R7 Rs 

N N H N(CH.) H H A (n = 1) H 

N N H CH(CHCH.) H H A (n = 1) H 
CH C(CH.) H NH H OCH, OCH, OCH, 
N N H NH H H A (n = 3) H 
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NH2 

R7 Rs 

A (n = 1) H 
H OCH, 

-continued 

R1 N 

R5 n s 
R6 R4 2n-2N 

R3 

R3 Ro 
R 

R8 

Ro R R2 R. R. Rs R 

Denopterin OH N N CH, N(CH.) H H 
Peritrexim NH, N C(CH.) H single bond OCH, H 

A: 

O 

NH 
HO 

O 
O OH 

N CH 

Hooc1N O th s 
N NH Hooc1N 

Tomudex 

0461). Other representative examples include 6-S-ami 
noacyloxymethyl mercaptopurine derivatives (Harada et al., 
Chem. Pharm. Bull. 43 (10): 793-6, 1995), 6-mercaptopu 
rine (6-MP) (Kashida et al., Biol. Pharm. Bull. 18 (11): 
1492-7, 1995), 7,8-polymethyleneimidazo-1,3,2-diazaphos 
phorines (Nilov et al., Mendeleev Commun. 2: 67, 1995), 
azathioprine (Chifotides et al., J. Inorg. Biochem. 56 (4): 
249-64, 1994), methyl-D-glucopyranoside mercaptopurine 
derivatives (Da Silva et al., Eur: J. Med. Chem. 29 (2): 
149-52, 1994) and S-alkynyl mercaptopurine derivatives 
(Ratsino et al., Khim.-Farm. Zh. 15 (8): 65-7, 1981); indo 
line ring and a modified ornithine or glutamic acid-bearing 
methotrexate derivatives (Matsuoka et al., Chem. Pharm. 
Bull. 45 (7): 1146-1150, 1997), alkyl-substituted benzene 
ring C bearing methotrexate derivatives (Matsuoka et al., 
Chem. Pharm. Bull. 44 (12): 2287-2293, 1996), benzoxazine 
or benzothiazine moiety-bearing methotrexate derivatives 
(Matsuoka et al., J. Med. Chem. 40 (1): 105-111, 1997), 
10-deaZaminopterin analogues (DeGraw et al., J. Med. 
Chem. 40 (3): 370-376, 1997), 5-deazaminopterin and 5,10 
dideazaminopterin methotrexate analogues (Piper et al., J. 
Med. Chem. 40 (3):377-384, 1997), indoline moiety-bearing 
methotrexate derivatives (Matsuoka et al., Chem. Pharm. 
Bull. 44 (7): 1332-1337, 1996), lipophilic amide methotr 
exate derivatives (Pignatello et al., World Meet Pharm. 
Biopharm. Pharm. Technol., 563-4, 1995), L-threo-(2S,4S)- 
4-fluoroglutamic acid and DL-3,3-difluoroglutamic acid 
containing methotrexate analogues (Hart et al., J. Med. 
Chem. 39 (1): 56-65, 1996), methotrexate tetrahydro 
quinazoline analogue (Gangjee, et al., J. Heterocycl. Chem. 
32 (1): 243-8, 1995), N-C-aminoacyl) methotrexate deriva 
tives (Cheung et al., Pteridines 3 (1-2): 101-2, 1992), biotin 

methotrexate derivatives (Fan et al., Pieridines 3 (1-2): 
131-2, 1992), D-glutamic acid or D-erythrou, threo-4-fluo 
roglutamic acid methotrexate analogues (McGuire et al., 
Biochem. Pharmacol. 42 (12): 2400-3, 1991), By-methano 
methotrexate analogues (Rosowsky et al., Pteridines 2 (3): 
133-9, 1991), 10-deazaminopterin (10-EDAM) analogue 
(Braakhuis et al., Chem. Biol. Pieridines, Proc. Int. Symp. 
Pteridines Folic Acid Deriv., 1027-30, 1989), Y-tetrazole 
methotrexate analogue (Kalman et al., Chem. Biol. Pte 
ridines, Proc. Int. Symp. Pieridines Folic Acid Deriv., 1154 
7, 1989), N-(L-C-aminoacyl) methotrexate derivatives 
(Cheung et al., Heterocycles 28 (2): 751-8, 1989), meta and 
ortho isomers of aminopterin (Rosowsky et al., J. Med. 
Chem. 32(12): 2582, 1989), hydroxymethylmethotrexate 
(DE 267495), Y-fluoromethotrexate (McGuire et al., Cancer 
Res. 49 (16): 4517-25, 1989), polyglutamyl methotrexate 
derivatives (Kumar et al., Cancer Res. 46 (10): 5020-3, 
1986), gem-diphosphonate methotrexate analogues (WO 
88/06158), C- and Y-substituted methotrexate analogues 
(Tsushima et al., Tetrahedron 44 (17): 5375-87, 1988), 
5-methyl-5-deaza methotrexate analogues (U.S. Pat. No. 
4,725,687), N6-acyl-NO-(4-amino-4-deoxypteroyl)-L-orni 
thine derivatives (Rosowsky et al., J. Med. Chem. 31 (7): 
1332-7, 1988), 8-deaza methotrexate analogues (Kuehl et 
al., Cancer Res. 48 (6): 1481-8, 1988), acivicin methotrexate 
analogue (Rosowsky et al., J. Med Chem. 30 (8): 1463-9, 
1987), polymeric platinol methotrexate derivative (Carraher 
et al., Polym. Sci. Technol. (Plenum), 35 (Adv. Biomed. 
Polym.): 311-24, 1987), methotrexate-Y-dimyris 
toylphophatidylethanolamine (Kinsky et al., Biochim. Bio 
phys. Acta 917 (2): 211-18, 1987), methotrexate poly 
glutamate analogues (Rosowsky et al., Chem. Biol. 
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Pteridines, Pteridines Folic Acid Deriv., Proc. Int. Symp. 
Pteridines Folic Acid Deriv.: Chem., Biol. Clin. Aspects: 
985-8, 1986), poly-y-glutamyl methotrexate derivatives 
(Kisliuk et al., Chem. Biol. Pteridines, Pteridines Folic Acid 
Deriv., Proc. Int. Symp. Pteridines Folic Acid Deriv.: Chem., 
Biol. Clin. Aspects: 989-92, 1986), deoxyuridylate methotr 
exate derivatives (Webber et al., Chem. Biol. Pteridines, 
Pteridines Folic Acid Deriv., Proc. Int. Symp. Pteridines 
Folic Acid Deriv.: Chem., Biol. Clin. Aspects: 659-62, 
1986), iodoacetyl lysine methotrexate analogue (Delcamp et 
al., Chem. Biol. Pteridines, Pteridines Folic Acid Deriv., 
Proc. Int. Symp. Pteridines Folic Acid Deriv.: Chem., Biol. 
Clin. Aspects: 807-9, 1986), 2,..omega.-diaminoalkanoid 
acid-containing methotrexate analogues (McGuire et al., 
Biochem. Pharmacol. 35 (15): 2607-13, 1986), poly 
glutamate methotrexate derivatives (Kamen & Winick, 
Methods Enzymol. 122 (Vitam. Coenzymes, Pt. G): 339-46, 
1986), 5-methyl-5-deaza analogues (Piper et al., J. Med. 
Chem. 29 (6): 1080-7, 1986), quinazoline methotrexate 
analogue (Mastropaolo et al., J. Med. Chem. 29 (1): 155-8, 
1986), pyrazine methotrexate analogue (Lever & Vestal, J. 
Heterocycl. Chem. 22 (1): 5-6, 1985), cysteic acid and 
homocysteic acid methotrexate analogues (U.S. Pat. No. 
4,490,529), Y-tert-butyl methotrexate esters (Rosowsky et 
al., J. Med. Chem. 28 (5): 660-7, 1985), fluorinated meth 
otrexate analogues (Tsushima et al., Heterocycles 23 (1): 
45-9, 1985), folate methotrexate analogue (Trombe, J. Bac 
teriol. 160 (3): 849-53, 1984), phosphonoglutamic acid 
analogues (Sturtz & Guillamot, Eur, J. Med. Chem.-Chim. 
Ther. 19 (3): 267-73, 1984), poly (L-lysine) methotrexate 
conjugates (Rosowsky et al., J. Med. Chem. 27 (7): 888-93, 
1984), dilysine and trilysine methotrexate derivates (Forsch 
& Rosowsky, J. Org. Chem. 49 (7): 1305-9, 1984), 7-hy 
droxymethotrexate (Fabre et al., Cancer Res. 43 (10): 4648 
52, 1983), poly-Y-glutamyl methotrexate analogues (Piper & 
Montgomery, Adv. Exp. Med. Biol., 163 (Folyl Antifolyl 
Polyglutamates): 95-100, 1983), 3',5'-dichloromethotrexate 
(Rosowsky & Yu, J. Med. Chem. 26 (10): 1448-52, 1983), 
diaZOketone and chloromethylketone methotrexate ana 
logues (Gangjee et al., J. Pharm. Sci. 71 (6): 717-19, 1982), 
10-propargylaminopterin and alkyl methotrexate homologs 
(Piper et al., J. Med. Chem. 25 (7): 877-80, 1982), lectin 
derivatives of methotrexate (Lin et al., JNCI 66 (3): 523-8, 
1981), polyglutamate methotrexate derivatives (Galivan, 
Mol. Pharmacol. 17(1): 105-10, 1980), halogentated meth 
otrexate derivatives (Fox, JNCI 58 (4): J955-8, 1977), 
8-alkyl-7,8-dihydro analogues (Chaykovsky et al., J. Med. 
Chem. 20 (10): J1323-7, 1977), 7-methyl methotrexate 
derivatives and dichloromethotrexate (Rosowsky & Chen, J. 
Med. Chem. 17 (12): J1308-11, 1974), lipophilic methotr 
exate derivatives and 3',5'-dichloromethotrexate (Rosowsky, 
J. Med. Chem. 16 (10): J1190-3, 1973), deaza amethopterin 
analogues (Montgomery et al., Ann. N.Y. Acad. Sci. 186: 
J227-34, 1971), MX068 (Pharma Japan, 1658: 18, 1999) and 
cysteic acid and homocysteic acid methotrexate analogues 
(EPA 0142220); 
0462. These compounds are believed to act as antime 
tabolites of folic acid. 

0463) (D) Podophyllotoxins 
0464) In another aspect, the therapeutic agent is a podo 
phyllotoxin, or a derivative or an analogue thereof. Exem 
plary compounds of this type are etoposide or tenipoSide, 
which have the following structures: 
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O -( 

HCO OCH 

OH 

R 

Etoposide CH, 

(1 \ / 

0465. Other representative examples of podophyllotoxins 
include Cu(II)-VP-16 (etoposide) complex (Tawa et al., 
Bioorg. Med. Chem. 6 (7): 1003-1008, 1998), pyrrollecar 
boxamidino-bearing etoposide analogues (Ji et al., BioOrg. 
Med. Chem. Lett. 7 (5): 607-612, 1997), 4(3-amino etoposide 
analogues (Hu, University of North Carolina Dissertation, 
1992), Y-lactone ring-modified arylamino etoposide ana 
logues (Zhou et al., J. Med. Chem. 37 (2): 287-92, 1994), 
N-glucosyl etoposide analogue (Allevi et al., Tetrahedron 
Lett. 34 (45): 7313-16, 1993), etoposide A-ring analogues 
(Kadow et al., Bioorg. Med. Chem. Lett 2 (1): 17-22, 1992), 
4'-deshydroxy-4'-methyl etoposide (Saulnier et al., Bioorg. 
Med. Chem. Lett. 2 (10): 1213-18, 1992), pendulum ring 
etoposide analogues (Sinha et al., Eur: J. Cancer 26 (5): 
590-3, 1990) and E-ring desoxy etoposide analogues 
(Saulnier et al., J. Med. Chem. 32 (7): 1418-20, 1989). 

Teniposide 

0466. These compounds are believed to act as topoi 
Somerase II inhibitors and/or DNA cleaving agents. 
0467 (E) Camptothecins 
0468. In another aspect, the therapeutic agent is camp 
tothecin, or an analogue or derivative thereof. Camptoth 
ecins have the following general Structure. 

0469. In this structure, X is typically O, but can be other 
groups, e.g., NH in the case of 21-lactam derivatives. R is 
typically H or OH, but may be other groups, e.g., a termi 
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nally hydroxylated C. alkane. R is typically H or an amino 
containing group Such as (CH)NHCH, but may be other 
groups e.g., NO2, NH, halogen (as disclosed in, e.g., U.S. 
Pat. No. 5,552,156) or a short alkane containing these 
groups. R is typically H or a short alkyl Such as C.H. R. 
is typically H but may be other groups, e.g., a methylene 
dioxy group with R. 
0470 Exemplary camptothecin compounds include topo 
tecan, irinotecan (CPT-11), 9-aminocamptothecin, 21-lac 
tam-20(S)-camptothecin, 10,11-methylenedioxycamptoth 
ecin, SN-38, 9-nitrocamptothecin, 
10-hydroxycamptothecin. Exemplary compounds have the 
StructureS: 

R R R 

Camptothecin: H H H 
Topotecan: OH (CH.)NHCH, H 
SN-38: OH H CHs 

X: O for most analogs, NH for 21-lactam analogs 

0471 Camptothecins have the five rings shown here. The 
ring labeled E must be intact (the lactone rather than 
carboxylate form) for maximum activity and minimum 
toxicity. 
0472 Camptothecins are believed to function as topoi 
Somerase I inhibitors and/or DNA cleavage agents. 
0473 (F) Hydroxyureas 
0474. The therapeutic agent of the present invention may 
be a hydroxyurea. Hydroxyureas have the following general 
Structure: 

O 

R l O-X 1 

N N 
R2 R1 

0475 Suitable hydroxyureas are disclosed in, for 
example, U.S. Pat. No. 6,080,874, wherein R is: 

0476 and R is an alkyl group having 1-4 carbons and R. 
is one of H, acyl, methyl, ethyl, and mixtures thereof, Such 
as a methylether. 
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0477. Other suitable hydroxyureas are disclosed in, e.g., 
U.S. Pat. No. 5,665,768, wherein R is a cycloalkenyl group, 
for example N-3-5-(4-fluorophenylthio)-furyl-2-cyclo 
penten-1-yl)N-hydroxyurea; R is H or an alkyl group hav 
ing 1 to 4 carbons and R is H., X is H or a cation. 

0478. Other suitable hydroxyureas are disclosed in, e.g., 
U.S. Pat. No. 4,299,778, wherein R is a phenyl group 
Substituted with one or more fluorine atoms; R is a cyclo 
propyl group; and R and X is H. 

0479. Other suitable hydroxyureas are disclosed in, e.g., 
U.S. Pat. No. 5,066,658, wherein RandR together with the 
adjacent nitrogen form: 

N (Cyn 
Y - N o 

21 N(cfm 

0480 wherein m is 1 or 2, n is 0-2 and Y is an alkyl group. 

0481. In one aspect, the hydroxyurea has the structure: 

ls on 
HN NH 

Hydroxyurea 

0482. These compounds are thought to function by inhib 
iting DNA synthesis. 

0483 (G) Platinum Complexes 

0484. In another aspect, the therapeutic agent is a plati 
num compound. In general, Suitable platinum complexes 
may be of Pt(II) or Pt(IV) and have this basic structure: 

0485 wherein X and Y are anionic leaving groups such 
as Sulfate, phosphate, carboxylate, and halogen; R and R 
are alkyl, amine, amino alkyl any may be further Substituted, 
and are basically inert or bridging groups. For Pt(II) com 
plexes Z and Z are non-existent. For Pt(IV) Z and Z. may 
be anionic groupS Such as halogen, hydroxy, carboxylate, 
ester, sulfate or phosphate. See, e.g., U.S. Pat. Nos. 4,588, 
831 and 4,250,189. 

0486 Suitable platinum complexes may contain multiple 
Pt atoms. See, e.g., U.S. Pat. Nos. 5,409,915 and 5,380,897. 
For example bisplatinum and triplatinum complexes of the 
type: 
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0487 Exemplary platinum compounds are cisplatin, car 
boplatin, Oxaliplatin, and miboplatin having the Structures: 

NH 

CI-Pt-NH. 

Cl 

Cisplatin 
NH 

s 
O 

O O 

NH 

O 

Carboplatin 

O. NH2 

/ N s' 
O NH 

Oxaliplatin 

Milboplatin 

0488 Other representative platinum compounds include 
(CPA). PDOLYM) and (DACH)PDOLYM) cisplatin 
(Choi et al., Arch. Pharmacal Res. 22 (2): 151-156, 1999), 
Cis-PtCl(4.7-H-5-methyl-7-oxo 1,2,4-triazolo 1.5-apyri 
midine) (Navarro et al., J. Med. Chem. 41 (3): 332-338, 
1998), Pt(cis-1,4-DACH)(trans-Cla)(CBDCA)).72MeOH 
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cisplatin (Shamsuddin et al., Inorg. Chem. 36 (25): 5969 
5971, 1997), 4-pyridoxate diammine hydroxy platinum 
(Tokunaga et al., Pharm. Sci. 3 (7): 353–356, 1997), Pt(II). 
... Pt(II) (Pt:INHCHN(C(CH2)(CH)))) (Navarro et al., 
Inorg. Chem. 35 (26): 7829-7835, 1996), 254-S cisplatin 
analogue (Koga et al., Neurol. Res. 18 (3): 244-247, 1996), 
o-phenylenediamine ligand bearing cisplatin analogues 
(Koeckerbauer & Bednarski, J. Inorg. Biochem. 62 (4): 
281-298, 1996), trans, cis-Pt(OAc).I (en) (Kratochwil et 
al., J. Med. Chem. 39 (13): 2499-2507, 1996), estrogenic 
1,2-diarylethylenediamine ligand (with Sulfur-containing 
amino acids and glutathione) bearing cisplatin analogues 
(Bednarski, J. Inorg. Biochem. 62(1): 75, 1996), cis-1,4- 
diaminocyclohexane cisplatin analogues (Shamsuddin et al., 
J. Inorg. Biochem. 61 (4): 291-301, 1996), 5' orientational 
isomer of cis-Pt(NH)(4-aminoTEMP-O){d(GpG)} (Dun 
ham & Lippard, J. Am. Chem. Soc. 117 (43): 10702-12, 
1995), chelating diamine-bearing cisplatin analogues 
(Koeckerbauer & Bednarski, J. Pharm. Sci. 84 (7): 819-23, 
1995), 1,2-diarylethyleneamine ligand-bearing cisplatin 
analogues (Otto et al., J. Cancer Res. Clin. Oncol. 121 (1): 
31-8, 1995), (ethylenediamine)platinum(II) complexes 
(Pasini et al., J. Chem. Soc., Dalton Trans. 4:579-85, 1995), 
CI-973 cisplatin analogue (Yang et al., Int. J. Oncol. 5 (3): 
597-602, 1994), cis-diaminedichloroplatinum(II) and its 
analogues cis-1,1-cyclobutanedicarbosylato(2R)-2-methyl 
1,4-butanediamineplatinum(II) and cis-diammine(glyco 
lato)platinum (Claycamp & Zimbrick, J. Inorg. Biochem. 26 
(4): 257-67, 1986; Fan et al., Cancer Res. 48 (11): 3135-9, 
1988; Heiger-Bernays et al., Biochemistry 29 (36): 8461-6, 
1990; Kikkawa et al., J. Exp. Clin. Cancer Res. 12 (4): 
233-40, 1993; Murray et al., Biochemistry 31 (47): 11812 
17, 1992; Takahashi et al., Cancer Chemother. Pharmacol. 
33 (1): 31-5, 1993), cis-amine-cyclohexylamine-dichloro 
platinum(II) (Yoshida et al., Biochem. Pharmacol. 48 (4): 
793-9, 1994), gem-diphosphonate cisplatin analogues (FR 
2683529), (meso-1,2-bis(2,6-dichloro-4-hydroxyplenyl)eth 
ylenediamine) dichloroplatinum(II) (Bednarski et al., J. 
Med. Chem. 35 (23): 4479-85, 1992), cisplatin analogues 
containing a tethered dansyl group (Hartwig et al., J. Am. 
Chem. Soc. 114 (21): 8292-3, 1992), platinum(II) 
polyamines (Siegmann et al., Inorg. Met.-Containing Polym. 
Mater., (Proc. Am. Chem. Soc. Int. Symp.), 335-61, 1990), 
cis-(3H)dichloro(ethylenediamine)platinum(II) (Eastman, 
Anal. Biochem. 197 (2): 311-15, 1991), trans-diam 
minedichloroplatinum(II) and cis-(Pt(NH)(N-cytosi 
ne)Cl) (Bellon & Lippard, Biophys. Chem. 35 (2-3): 179-88, 
1990), 3H-cis-1,2-diaminocyclohexanedichloroplatinum(II) 
and 3H-cis-1,2-diaminocyclohexane-malonatoplatinum (II) 
(Oswald et al., Res. Commun. Chem. Pathol. Pharmacol. 64 
(1): 41-58, 1989), diaminocarboxylatoplatinum (EPA 
296321), trans-(D,1)-1,2-diaminocyclohexane carrier 
ligand-bearing platinum analogues (Wyrick & Chaney, J. 
Labelled Compa. Radiopharm. 25(4): 349-57, 1988), ami 
noalkylaminoanthraquinone-derived cisplatin analogues 
(Kitov et al., Eur: J. Med. Chem. 23 (4): 381-3, 1988), 
Spiroplatin, carboplatin, iproplatin and JM40 platinum ana 
logues (Schroyen et al., Eur: J. Cancer Clin. Oncol. 24 (8): 
1309-12, 1988), bidentate tertiary diamine-containing cis 
platinum derivatives (Orbell et al., Inorg. Chim. Acta 152 
(2): 125-34, 1988), platinum(II), platinum(IV) (Liu & Wang, 
Shandong Yike Daxue Xuebao 24 (1): 35-41, 1986), cis 
diammine(1,1-cyclobutanedicarboxylato-)platinum(II) (car 
boplatin, JM8) and ethylenediamminemalonatoplatinum(II) 
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(JM40) (Begg et al., Radiother. Oncol. 9 (2): 157-65, 1987), 
JM8 and JM9 cisplatin analogues (Harstrick et al., Int. J. 
Androl. 10 (1); 139-45, 1987), (NPr4)2(PtCL4).cis-(PtCl2 
(NH2Me)2)) (Brammer et al., J. Chem. Soc., Chem. Com 
mun. 6: 443-5, 1987), aliphatic tricarboxylic acid platinum 
complexes (EPA 185225), and cis-dichloro(amino acid)(tert 
butylamine)platinum(II) complexes (Pasini & Bersanetti, 
Inorg. Chim. Acta 107 (4): 259-67, 1985). These compounds 
are thought to function by binding to DNA, i.e., acting as 
alkylating agents of DNA. 
0489. As medical implants are made in a variety of 
configurations and sizes, the exact dose administered may 
vary with device size, Surface area, design and portions of 
the implant coated. However, certain principles can be 
applied in the application of this art. Drug dose can be 
calculated as a function of dose per unit area (of the portion 
of the device being coated), total drug dose administered can 
be measured and appropriate Surface concentrations of 
active drug can be determined. Regardless of the method of 
application of the drug to the cardiac implant, the preferred 
anticancer agents, used alone or in combination, may be 
administered under the following dosing guidelines: 
0490 (a) Anthracyclines. Utilizing the anthracycline 
doxorubicin as an example, whether applied as a polymer 
coating, incorporated into the polymers which make up the 
implant components, or applied without a carrier polymer, 
the total dose of doxorubicin applied to the implant should 
not exceed 25 mg (range of 0.1 ug to 25 mg). In a 
particularly preferred embodiment, the total amount of drug 
applied should be in the range of 1 lug to 5 mg. The dose per 
unit area (i.e., the amount of drug as a function of the Surface 
area of the portion of the implant to which drug is applied 
and/or incorporated) should fall within the range of 0.01 
tug-100 ug per mm of Surface area. In a particularly pre 
ferred embodiment, doxorubicin should be applied to the 
implant Surface at a dose of 0.1 ug/mm-10 ug/mm. AS 
different polymer and non-polymer coatings may release 
doxorubicin at differing rates, the above dosing parameters 
should be utilized in combination with the release rate of the 
drug from the implant Surface Such that a minimum con 
centration of 10-10" M of doxorubicin is maintained on 
the Surface. It is necessary to insure that Surface drug 
concentrations exceed concentrations of doxorubicin known 
to be lethal to multiple species of bacteria and fungi (i.e., are 
in excess of 10" M; although for some embodiments lower 
concentrations are Sufficient). In a preferred embodiment, 
doxorubicin is released from the Surface of the implant Such 
that anti-infective activity is maintained for a period ranging 
from Several hours to Several months. In a particularly 
preferred embodiment the drug is released in effective 
concentrations for a period ranging from 1 week-6 months. 
It should be readily evident based upon the discussions 
provided herein that analogues and derivatives of doxoru 
bicin (as described previously) with similar functional activ 
ity can be utilized for the purposes of this invention; the 
above dosing parameters are then adjusted according to the 
relative potency of the analogue or derivative as compared 
to the parent compound (e.g., a compound twice as potent as 
doxorubicin is administered at half the above parameters, a 
compound half as potent as doxorubicin is administered at 
twice the above parameters, etc.). 
0491 Utilizing mitoxantrone as another example of an 
anthracycline, whether applied as a polymer coating, incor 

67 
Aug. 4, 2005 

porated into the polymers which make up the implant, or 
applied without a carrier polymer, the total dose of mitox 
antrone applied should not exceed 5 mg (range of 0.01 ug to 
5 mg). In a particularly preferred embodiment, the total 
amount of drug applied should be in the range of 0.1 lug to 
3 mg. The dose per unit area (i.e., the amount of drug as a 
function of the Surface area of the portion of the implant to 
which drug is applied and/or incorporated) should fall within 
the range of 0.01 ug-20 ug per mm of Surface area. In a 
particularly preferred embodiment, mitoxantrone should be 
applied to the implant surface at a dose of 0.05 ug/mm°-5 
Aug/mm. As different polymer and non-polymer coatings 
will release mitoxantrone at differing rates, the above dosing 
parameters should be utilized in combination with the 
release rate of the drug from the implant Surface Such that a 
minimum concentration of 10-10M of mitoxantrone is 
maintained. It is necessary to insure that drug concentrations 
on the implant Surface exceed concentrations of mitox 
antrone known to be lethal to multiple species of bacteria 
and fungi (i.e., are in excess of 10 M; although for some 
embodiments lower drug levels will be sufficient). In a 
preferred embodiment, mitoxantrone is released from the 
Surface of the implant Such that anti-infective activity is 
maintained for a period ranging from Several hours to 
Several months. In a particularly preferred embodiment the 
drug is released in effective concentrations for a period 
ranging from 1 week-6 months. It should be readily evident 
based upon the discussions provided herein that analogues 
and derivatives of mitoxantrone (as described previously) 
with similar functional activity can be utilized for the 
purposes of this invention; the above dosing parameters are 
then adjusted according to the relative potency of the 
analogue or derivative as compared to the parent compound 
(e.g., a compound twice as potent as mitoxantrone is admin 
istered at half the above parameters, a compound half as 
potent as mitoxantrone is administered at twice the above 
parameters, etc.). 
0492 (b) Fluoropyrimidines Utilizing the fluoropyrimi 
dine 5-fluorouracil as an example, whether applied as a 
polymer coating, incorporated into the polymers which 
make up the implant, or applied without a carrier polymer, 
the total dose of 5-fluorouracil applied should not exceed 
250 mg (range of 1.0 ug to 250 mg). In a particularly 
preferred embodiment, the total amount of drug applied 
should be in the range of 10 ug to 25 mg. The dose per unit 
area (i.e., the amount of drug as a function of the Surface area 
of the portion of the implant to which drug is applied and/or 
incorporated) should fall within the range of 0.05ug-200 ug 
per mm of Surface area. In a particularly preferred embodi 
ment, 5-fluorouracil should be applied to the implant Surface 
at a dose of 0.5 lug/mm°-50 ug/mm°. As different polymer 
and non-polymer coatings will release 5-fluorouracil at 
differing rates, the above dosing parameters should be 
utilized in combination with the release rate of the drug from 
the implant surface such that a minimum concentration of 
10-107 M of 5-fluorouracil is maintained. It is necessary 
to insure that Surface drug concentrations exceed concen 
trations of 5-fluorouracil known to be lethal to numerous 
species of bacteria and fungi (i.e., are in excess of 10 M; 
although for some embodiments lower drug levels will be 
sufficient). In a preferred embodiment, 5-fluorouracil is 
released from the implant Surface Such that anti-infective 
activity is maintained for a period ranging from Several 
hours to Several months. In a particularly preferred embodi 
















































































































































































